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COMMNMiONMEIHQBS OFTRFAnNGCANCER 

nrirrnFTH E1MVRNTI0N 

and second amoonts together compme a therapeutically 

o argnROUND^THEfflVEHnOH 

^^r;*----- — — — — 
7--^: irr.— 

re nnoicacid(Bre,tman,T.R.,Selomck,S.t Ca „ ccr to. 42: 3924- 

3927), aclambicin and ott,eranflnacychnes(Schwa^,E 

differentiation program, and yet can be ina 
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a) Polar compounds (Marks etai^o/;, 

^ rtTSAJ 68- 378-382; Tanaka,M., Levy, J.,Terada, 
Sato T (1971) Proc. Natl. Acad. Sci. (USA) ' 

Sato, i. ii"'*/ p ^ ^arf. 5ci . (USA) 72. 

; M., Breslow, R., Rifkind, R. A., and Marks, P. A. (1975) ' x^nrks P A 

t> v. n R C Wife R L Breslow, R., Rifkind, R. A., and Marks, P. A. 
1003-1006; Reuben, R. C, Wite, k~ a*, » 

nQ76^ Proc Natl. Acad. Sci. (USA) 73: 862-866); 

n rts^8-499^ 9 4;S . 
.0 Set. (USA) /a. ,!OT D „ M . is- Tanenaga,K.,Hozunu, 

andSar.orem,A.C.(1983)/V«.^.^ C Dn «rRe,24.18, Tanen ga, 

M and Sakagami, Y. (1980) Cancer Res. 40: 914-919); ,,.,3,740). 

d Uw*fa C «o re (Sachs, L .(»978)^ re ^^74:535,Me,ca,f,D.(1985) 

Comm. 109:348-354); M oio\ Pm/< /VafZ Acad. 

0 Tumor promoters (Huberman, E. and Callahan,, M. F. (1979) Proc. No*. A 

E Rifkind R A.,andMarks,P.A. (1978) ^ ^ ^. Sc.. (USA) 75. 2795 2799, 
MoT^Tand Sartorem. A. C. (1984) Cancer Res. 44: 2807-2S 12 ; Schwartz,E. U 

2725-2730- Sugano, H., Furasawa, M., Kawa^chi, T., and Ikawa, Y. (1973 « 
II! 39- 943-954 ; Ebert,P. S., Wars, I., and Bnell, D. N. (1976) CancerRes. 36: 

HLnedeaoe^inmbUom^ 
differentiation and/or apop.osis(Riobon,VM., Webb, Y., Merger, R.,Cal. (.996) P W .5 
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effective for «<ion of ^or grow* in a^als (Cohen, L.^, ^ 
Rifldnd R.A., Desai, D., and Richon, V.M. (1999) Anticancer Research 19.4999 

20 multiprotein complexes that include HDAC enzymes, in P 

25 ---- — 

30 lwaconsis.cn, induction of ^eyo^epen^^n^bnorp^l (Arch., S. 
t„ f enMShci,A.,Hodin,R.(1998)P^95 : 6791-96).T Ms pro.e,np.avsa„ 
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the P 21 gen e,thereby m a 1 d n g a .e g e„cacc eSS ible.o^p..o n almach 1 ner y . Genes 
wJseexpressionisno.^.edbyHDACtahibi.orsdonot display changesurthe 

(2000) Anticancer Research 20(2A) : 1017-22). nrHDAC 
Ithaab^nshowninseveralinsUmcestha.ttedisrupUonofHATorHDAC 

promyelocyte leuketnia, .he oncoprotein produced by the fusroo of PNn- aM RAP. alpha 
RJ^Nagy, L^Inoue, S., et al. (1998) Nature 391:81 1-14). In this manner, the neoplastic 

S-Pa^umbers 5,369,108, 5.932,6.6,5,700.811, 6,087,367 and6^1,990, 
issu edto'someof4eprese»t m ven,o^^ 

lloneorbothofthepolar end gmups is a, arge hydrophobe group Some f*e 
0 inauenzyrnancassayandaboutSOfoldinacelldifferentiationassay.Methodsof 

iDCOrP0 ^rrattumor' toaapteare known which consist of the combinatorial tK *™ e ^ of 
25 prfentswimmomthanoneanti-tumorm^^^ 
Lofirramationtreatmenttog^^ 

combine individual treatment with each other in order to identify suchcombmahons 
30 wmcharemoreerrectivemanmeinmvidualapproachesalone.re^uhesextens.vepre- 

which combinations show an additive or even synergrsfc effect. 
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Besides the aim to inerease the therapeutic efficacy, another purpose of 

bv hieher doses of the individual components. 

Thereisanurgentneedtodiseoversuitablememodsforthetreaunentofeancer, 

at treating and controlling malignancies. 
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^tmmapv OF THE INVENTION 

The present invention is based on the discovery ^thathistonedeacetylaseOIDAC) 
inhibitors, for example suberoylanilide hydroxarnic acid (SAHA), can 
combination withone or more anti-cancer agents, to provide therapeuUcally effect 
anticancer effects. 

It hasbeenunexpec.edlydiseovere4U 1 a.«hecombina«onofanrst«rea tt ne»t 

tfanHDAC inhibitor and admimstiationofthe anticancer agent) is used man amount or 
dosetha. in combination with the other provides a, herapeu.ica.ly effective treaunent. 

The combination therapy can act through the induction of cancer eell 
differentiation, ceU grow* arrest and/or apoptosis. Furthermore, the effect of the HDAC 
inhibitor and the anti-eanoer agent maybe additive or synergistic. Thecombmahonof 
therapy is particularly advamageous, since me dosage of each agent ma combination 

an overall anti-tumor effect. 

As such, the present invention relates to a method of treating cancer m a subject m 
needthereof.byadmimstermgtoasubjectinneedtherex.fafirstamountof 
^bemylanilide hydroxarnic acid (SAHA) or a pharmaceutical* acceptable salt or hydrate 
.he.eof.inafirs.neaunen. procedure, andase^ndamom,. of an anti-cancer agentma 
second treatment procedure, wherein One firs, and second amounts together compnse a 
therapeutically effective amount. 
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Treatment of cancer, as used hereto, refers to partial.y or ^ly inhibiting, 
deiayingorpreventingtheprogressionof cancer Ceding cancer m e« inhrh^ 
*i orpreventing^recurrenoe of cancer inching cancer nretasust, or 

5 ThemethodsoftoepresentinventionarensefuHnmetre^nentmawtdevane^ 

prosute.bladder.rectum.bramorendomemumj.hema.oiogi^ 
leuk emias,,ymphomas,mye.om^^^^^ 

breast carcinoma, colorec^l carcinoma), neurobiastoma, or melanoma. Non-hmmng 

l^phocyticleuhemia, chronic ly mphocytie hernia, chronic 

soft-tissue sarcomas, common solid tumors of adults such as heed and neck cancers (e.g., 
oral laryngeal and esophageal), g eni<o urinary cancers (eg., pros.a.e, bladder, renal, 

m e,anomaando.hers»dncaocers,^^ 
20 cancer, kidney cancer, thyroid cancer, basa, cel. carcinoma, souamous eel. carcmoma of 

sarcoma, Ewing, sarcoma, veticulum cel. sarcoma, Kaposi, sarcoma, neuroblastoma and 

^'^.hod comprises administering to a patient in need thereof a firs, amount of 

together comprise a therapeutically effective amount. 

The invention further relates to pharmaceutical combinations useful for the 
tteatmentofcancer. The pharmaceutical combination comprises a firs, amount of :an 
30 HDACinhibi,or,e.g.,SAHA,andasecondamoun.ofananfi-caneeragent. Thefirstand 
second amount togetiier comprise a therapeutically effective amount. 
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c „ fi«t amount of an HDAC inhibitor and 
Theinventionrurtherrelatestotheuseofafirstamountoia^ 

^ fnr the manufacture of a medicament for treating 
a second amount of an anti-cancer agent for the manuiacture 

^^particularemb^^ duces 
^Uorldanti-canceragentisadditive,^ 

^Itthat is the additive effect of each cor,tituent when it is admimstered alone, h, 
^rct^Lsernhodiment,^ 

anti-cancertogetherconstituteaneffectiveamounttotieatcancer. 

m another particular embodiment of this invention, the combmation ofme HDAC 
inhibitor and anti-cancer ^^^^^ W ^^ i9g ^ 

s ^.aMann^meyTcstorsomeo^ 
^etreatmentprocedures^^ 

HDAC inhibitor, can take place prior to the second treatment procedure, i.e. the anti- 

Zrdl^ent^dteandcancerasen.oracornhinadond.ereo, 

^mtent penod can be decided for the HDAC inhibitor. The anh-cancer agent can be 

^roverd.eenrireHDACinhibitor.eattnentperiod. Similarly, — wtth the 

30 S^«*-^^«'»*'- ,,, - ,M '- ,- * - * r 
the duration of the treatment period. 
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thPraov aeent, or any combination thereof. 
8 Z p—Lbodin.en.ofU.ep.esen.— n.theHDACinhdntor.s 

Italboncagen^rmonaiagen^ 

^IL^a^aceU^a^^as^ana^^ 
agent, a cytotoxic agent, a biologic agent, a gen© therapy agent, or any combination 



^^^CACn.DERWAT^Sse.ectedn.tnSAHA.Pytoxa.nide, 
BisntoxamicAcidW^ 

1619 06,Scnp«aid,PXD-101,LAQ-824,CHAP,MW2796,andMW2996, 
B) CYCLIC TETRAPEPTIDES selected from Trapoxin A FR901228 (FK 228 or 
Chlamydocin; 

Q SHORT CHAIN FATTY ACIDS (SCFAs) selected from Sodium Butyrate, 
) CL,Va,e ra .e,4Pbenylbu^,e(4.PBA,,Pheny W e(PB,,Prop 1MM te, 
Butyramide, isobutyramide, Phenylac«U,.e, 3-Bromopropiona^, Tnbtnynn, 
Valproic Acid and Valproate; 
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D) BENZAMIDE DERIVATIVES selected from CI-994, MS-27-275 (MS-275) and a 
3'-amino derivative of MS-27-275; 

E) ELECTROPHILIC KETONE DERIVATIVES selected from a trifluoromethyl 
ketone and an a-keto amide such as an N-methyl- a-ketoamide; and 

F) Miscellaneous HDAC inhibitors including natural products, psammaplins and 
Depudecin. 

structural formula: 

y — <ch 2 >8 — c ' 

15 Pyroxamide.wWchisrepresentedby the following sectoral formula: 

g NHOH 

^axboxycinnamic acid bishydroxemate (CBHA), which is represent* by the statural 
formula: q 

C==CH ^ 

\hOH 




\_/~» — V. 

hohn v — y 



20 Omernon-limitmgexamplesofHDACinhibitors^ 
methods of the present invention are: 

A compound represented by the structure: 
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R 4 

' P 
R3— N // 

y (CH 2 )n C 

o' 

wherein R, and R. are independently a substituted or unsubstituted, branehed or 
unbranched alkyl, alkenyl, eyeloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy, or 
pyridine gronp, eyeloalkyl, aryl, aryloxy, arylalkyloxy, or pyridine group, or R 3 
and R, bond together to form a piperidine group; R, is ahydroxylamino group; and 
n is an integer from 5 to 8. 

A compound represented by the structure: 



wherein R is a substituted or unsubstituted phenyl, piperidine, thiazole, 2-pyridine, 
3- pyridine or 4-pyridine and n is an integer from 4 to 8. 

A compound represented by the structure: 



,(CH 2 )n y Nnun 

wherein A is an amide moiety, 2 R, and R 2 are each selected from substituted or 
unsubstituted aryl, arylalkyl, naphthyl, pyridineamino, 9-purine-6-ammo, 
thiazoieamino, aryloxy, arylalkyloxy, pyridyl, quinohnyl or isoquinohnyl; R 4 is 
hydrogen, a halogen, a phenyl or a cyeloalkyl moiety and n is an integer from 3 to 
10. 

Alkylating agents suitable for use in the present invention, include but are not 
Hmited to bischloroethylamines (nitrogen mustards, e. g. chlorambucil, cyclophosphamide, 
ifosfamide mecWoremamine, melphalan, uracil mustard), aziridines (e. g. thiotepa), alkyl 



10 



PCTAJS2004/026161 

WO 2005/023179 



10 



15 



nonclassic abating agents (aitraamine, dacarbazine, and p— ), p.atmum 
compounds (carboplastin and cisplatin). 

Antibiotic agents suitable for us. in .he present invention are anthraeyehnes (e. g. 
doxorubicin, dannorubiein, epirnbiein, idarubiein and anthracenedione), mitomyon C, 
bleomycin, dactinomycin, plicatomycin. , 

Antimetabolic agents suitable for use in the present invenuon, mclude but are not 
toi,*! to, floxuridme, fluorouracil, memotrexate, leucovorin, hydroxyurea, thioguantne, 
mercaptopurine, cyurabinc, pentostatin, fludarabine phosphate, cladribine, asparagus, 
andgemcitabine. In a particular embodiment, the antimaabolic agent in gernct^ 

Hormonal agents suitable for use in the present invention, mclude but are no. 
Hmiteti to, an etfrogen, a progestogen, an antiesterogen, an androgen, an anuandroge* an 
LHRH analogue, an aromatase iuhibitor, diethylstibestrol, tamoxifen, toremtfene, 
fluoxymesterol, raloxifene, bicamtamide, nilutamide, flutamide, ammoglutemmude, 

Plant-derived agents suitable for use in the present invention mclude, but are no. 
tot,*, .o vincristine, vinblastine, vindesine, vinzolidine, vinorelbine, e.opos,de 

20 .o immuno-modulating proteins, monoclonal antibodies against tumor antigens tumor 
Lressorgenes,andcancervacci»es. For exarnple. me immuno-modulabng pro.em can 
JLerleukin 2, interleukin 4, interleukin 12, interferon El interferon D, interferon^ 
e^opoietin, granulocyte-CSP, granulocyte, macrophage-CSP, bacillus 
G uerin,levamisole, or octreotide. Fmlhermore, the tumor suppressor gene can be DPC-4, 
25 NF-l,NF-2,RB,p53,WTl,BRCA,orBRCA2, 

The HDAC inhibitor (e.g. SAHA), and tire anti-cancer agent can be admnnstered 
by a„y known administration method known .o a person skilled in the art. Examples of 
rou ,es of administration indude bu, are not limited to oral, parenteral, mtrape— , 
intt avenous, intraarterial, transdermal, sublingual, intramuscular, rectal, transbuccal, 

ste nt subcuumeous, inbaadiposal, intraarticular, intrathecal, or in a slow release dosage 



30 

form. 
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Of course, the route of ad— ion of SAHA or any one of the other HDAC 
inhibitors is independent of the route of admin— of One anti-cancer ag^ A 
clntly preferred route of administration for SAHA is oral adn— .on . TJ* - 
3Ie with this end*— SAHA is adtninistered oraUy and 
. • a „™fl ean be administered orally, parenterally, mtrapentoneally, 

r—y, — y, — y, —ally, — ,y, rec^ 
ZLall intranasal* Uposomally, via inludauon, vaginally, insularly, vta lo al 

intrathecally, or in a slow release dosage form. 

levesadoseeffecdvemtreat cancer. Forexample, SAHA or any one of* HDAC 
on ce,t W iceoru^timesdai 1 y,continuous.y(everyday)or m .enn 1 «en ,,y (e. g ., 3-5 days 

need dieof by Bering to a subject in need thereof a first amoun of 
cacid(SAHA)orapbar m acen«cal,yaccep«b,sa,torbyd^e 

20 amount of an anti-cancer agent in a second treatment procedure, wherem the firs, and 
second amoun^ogemercompriseaurerapeudcal.yeffectiveamoun,. 

In one embodiment, the HDAC inhibitor, e.g. SAHA, is admuustered 
pnarmaceuticalcomposi^preferably suited for oral **~~L 

30 twice^yorthreedmes-dmly,— 
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between the cycles(e.g. treatment for twotoeigb. weeks with a res, period ofup to a 
week between treatments). 

dafly twiee^rilyorthree-toes daily. In one embodiment, «he dai.y dose .s 300 mg 
wMeheanbeadnnnisteredonee^iy.rwiee-dai^oruuee-timesdai.y. Inone 

» a — — * - - - - - - m ° re ° f ^ ^ 

usages *td dosage sobedu.es of the HDAC inhibitors, is also applieab.e * any ^ « 
mo re of the an«-eanoer agents to be used in «be combination treason,. Moreover * 
15 specific dosage and dosage sehedule of ft. anti-cancer agent oan fbnber vary, and ft. 
i dose dosing sobedu,e and route of administration will be determined based upon 
fte specific anti-canoer agent flat is being used „..•„„, 

^lyianiHdehydro*^^ 

_ndtreatmen,procedure,wberem«b. first and second antoun. togetber c„» 
.nountetfectiveto induce tenninai Afferennafion, cei, grow* arrestof apop.os.sof.be 

25 CeUS ' Tta^te^^^^^^- 1 ^"^ 

30 ftereof.andaseconda.nountofananti-canceragent.whereiutbenrstandsecond 
growth arrest of apoptosis of the cells. 
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The combination therapy can provide a therapentic advantage in view of the 
differential toxicity associated with the two treatment modalities. For example, treatment 
with HDAC inhibitors can lead to a particular toxicity that is not seen with the anticancer 
agent and vice versa. As such, this differential toxicity can permit each treatment to be 

5 administered at a dose at which said toxicities do not exist or are minimal, such that 
together the combination therapy provides a therapeutic dose while avoiding the toxiat.es 
of each of the constituents of the combination agents. Furthermore, when the therapeutic 
effects achieved as a result of the combination treatment are enhanced or synergrshc, for 
example, significantly better than additive therapeutic effects, the doses of each of the 

,0 agents can be redu«d even further, thus lowering the associated toxicities to an even 
greater extent. 

BRIEF DFSCRIPTTON OF THE DRAWINGS, 
The foregoing and other objects, features and advantages of the invention will be 
15 apparent from the following more particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawings in which like reference characters 
refer to the same parts throughout the different views. The drawings are not necessarily to 
scale, emphasis instead being placed upon illustrating the principles of the invention. 

20 FIG.l: EffectofSAHAandgemcitabmecombinationinaT24cellline. Cells 

were left untreated (□), treated with 2 nM gemcitaine (0), with 5 uM SAHA (o), or 
treated with a combination of 2 nM gemcitabine and 5 uM SAHA (A) as described 
in the Experimental Section, for the indicated time points. Fig 1 A shows cell 
proliferation and Fig IB shows cell viability. 



25 
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FIG. 2: Effect of SAHA and gemcitabine combination in a LnCaP cell line. Cells 
were left untreated (□), treated with 2 nM gemcitaine (0), with 5 uM SAHA (o), or 
treated with a combination of 2 nM gemcitabine and 5 ^M SAHA (A) as described 
hi the Experimental Section, for the indicated time points. Fig 2A shows cell 
proliferation and Fig 2B shows cell viability. 
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FIG. 3: Effect of SAHA and 5-azacytidine combination in a T24 cell line. Cells 
were left untreated (□), treated with 200 nM 5-azacytidine (AZ) (0), with 5 nM 
SAHA (o), or treated with a combination of 200 nM 5-azacytidine and 5 uM 
SAHA (A) as described in the Experimental Section, for the indicated time points. 
Fig 3 A shows cell proliferation and Fig 3B shows cell viability. The asterisk (*) 
indicates the time point of SAHA addition. 

FIG 4. Effects of SAHA Combinations on MDA-231 Cell Proliferation. FIG 4A: 
Cells were pretreated with the indicated concentration of SAHA for 4 hours, 
washed, and then the second agent was added for 48 hours. FIG4B: Cells were 
pretreated with the indicated concentration of SAHA for 48 hours, the second 
agent was added for 4 hours, and then the cells were washed. Cell growth was 
quantitated 48 hours later using the MTS assay. 

FIG 5. Effects of SAHA Combinations on DU145 Cell Proliferation. Cells were 
pretreated with the indicated concentration of SAHA for 48 hours, the second 
agent was added for 4 hours, and then the cells were washed. Cell growth was 
quantitated 48 hours later using the MTS assay. 

FIG 6: Effects of SAHA Combinations on DU145 Cell Clonogenicity. Cells were 
treated with SAHA for 48 hours, the second agent was then added for 4 hours and 
then the cells were washed. Colony formation was evaluated 2-3 weeks later. 

FIG 7: Effects of SAHA Combinations on MDA-231 Cell Clonogenicity. Cells 
were treated with SAHA for 48 hours, the second agent was then added for 4 hours 
and then the cells were washed. Colony formation was evaluated 2-3 weeks later. 

FIG 8: Effects o f SAHA Combinations on Ul 18 Cell Clonogenicity. Cells were 
treated with SAHA for 48 hours, the second agent was then added for 4 hours and 
then the cells were washed. Colony formation was evaluated 2-3 weeks later. 
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FIG 9: Percentinhibiti.mof^Capcenstreat.d^thSAHAandWnot.oan. Cells 
were incubated with SAHA alone, Irinoteean alone, and a combinahon of SAHA 
and Irinoteean at the indicated eoneentrations. The right hand bar of each 
experiment represents the ealenlated effeet for an additive interaehon. 

FIG 10: Percent inhibition of LnCap cells treated with SAHA and 5-Fluorouracil 
(5-FU) Cells were incubated with SAHA alone, 5-FU alone, and a combinahon of 
SAHA and 5-FU at the indicated concentrations. The right hand bar of each 
experiment represents the ealenlated effect for an additive interaehon. 

FIG 11- Percent inhibition of LnCap cells treated with SAHA andDocetaxel. 
Cells were incubated with SAHA alone, Docetaxel alone, and a combmahon of 
SAHAandDocetaxelattheindicatedconcentrationa. The right hand bar of each 
experiment represents the calculated effect for an additive interaehon. 



rnrTATT ED DP crT>TPTIf.N OF THF. INVENTION 
The present invention relates to a method of heating cancer in a subject in need 
thereof by administering to a subject in need thereof a first amount of an HDACinhibitor 

andsecond amounts together comprise a mempeuhca.lv effective amount. Theeffectof 
fteHDACinhibitorandtheanti-canceragentmaybeaddifiveorsynergrshc. 

The present invention also relates to a medrod of heating cancer in a subject » 
need thereof, by administering to a subject in need thereof a firs, amount of 
suheroylanilide hydroxamic acid (SAHA) or a pharmaceutical* acceptable salt or hydrate 
.hereof, in a first treatment procedure, and a second amount of an anti-cancer agent m a 
second treatment procedure, wherein the first and second amounts together compnse a 
, therapeutically effective amount The effect of SAHA and the anti-cancer agent may be 
additive or synergistic. 
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The term "treating" in its various grammatical forms in relation to the present 
invention refers to preventing (i.e. chemoprevention), curing, reversing, attenuating, 
alleviating, minimizing, suppressing or halting the deleterious effects of a disease state, 
disease progression, disease causative agent (e.g., bacteria or viruses) or other abnormal 
condition. For example, treatment may involve alleviating a symptom (i.e., not necessary 
all symptoms) of a disease or attenuating the progression of a disease. Because some of 
the inventive methods involve the physical removal of the etiological agent, the artisan 
will recognize that they are equally effective in situations where the inventive compound 
is administered prior to, or simultaneous with, exposure to the etiological agent 
(prophylactic treatment) and situations where the inventive compounds are administered 
after (even well after) exposure to the etiological agent. 

Treatment of cancer, as used herein, refers to partially or totally inhibiting, 
delaying or preventing the progression of cancer includmg cancer metastasis; inhibiting, 
delaying orpreventing the recurrence of cancer including cancer metastasis; or preventmg 
the onset or development of cancer (chemoprevention) in a mammal, for example a 
human In addition, the method of the present invention is intended for the treatment of 
chemoprevention of human patients with cancer. However, it is also likely that the method 
would be effective in the treatment of cancer in other mammals. 

As used herein, the term "therapeutically effective amount" is intended to qualify 
the combined amount of the first and second treatments in the combination therapy. The 
combined amount will achieve the desired biological response. In the present invention, 
the desired biological response is partial or total inhibition, delay or prevention of the 
progression of cancer including cancer metastasis; inhibition, delay or prevention of the 
recurrence of cancer including cancer metastasis; or the prevention of the onset or 
i development of cancer (chemoprevention) in a mammal, for example a human. 

As used herein, the terms "combination treatment", "combination therapy", 
"combined treatment" or "combinatorial treatment", used interchangeably, refer to a 
treatment of an individual with at least two different therapeutic agents. According to the 
invention, the individual is treated with a first therapeutic agent, preferably S AHA or 
0 another HDAC inhibitor as described herein. The second therapeutic agent may be 
another HDAC inhibitors, or may be any clinically established anti-cancer agent as 
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defined herein. A combinatorial treatment may include a third or even further therapeutic 



agent. 
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The method comprises administering to a patient in need thereof a first amount of a 
histone deacetylase inhibitor, e.g., SAHA, in a first treatment procedure, and a second 
amount of an anti-cancer agent in a second treatment procedure. The first and second 
treatments together comprise a therapeutically effective amount. 

The invention further relates to pharmaceutical combinations useful for the 
treatment of cancer. The pharmaceutical combination comprises a first amount of an 
HDAC inhibitor, e.g., SAHA and a second amount of an anti-cancer agent. The first and 
second amount together comprise a therapeutically effective amount. 

The invention further relates to the use of a first amount of an HDAC inhibitor and 
a second amount of an anti-cancer agent for the manufacture of amedicament for treating 



cancer. 
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In particular embodiments of this invention, the combination of the HDAC 
inhibitor and anti-cancer agent is additive, i.e. the combination treatment regimen produces 
a result that is the additive effect of each constituent when it is administered alone. In 
accordance with this embodiment, the amount of HDAC inhibitor and the amount of the 
anti-cancer together constitute an effective amount to treat cancer. 

m another particular embodiments of this invention, the combination of the HDAC 
20 inhibitor and anti-cancer agent is considered therapeutically synergistic when the 
combination treatment regimen produces a significantly better anticancer result (e.g., cell 
growth arrest, apoptosis, induction of differentiation, cell death) than the additive effects of 
each constituent when it is administered alone at a therapeutic dose. Standard statical 
analysis can be employed to determine when the results are significantly better. For 
25 example, a Mann-Whitney Test or some other generally accepted statistical analysis can be 
employed. 

The treatment procedures can take place sequentially in any order, simultaneously 
or a combination thereof. For example, the first treatment procedure, administration of an 
HDAC inhibitor, can take place prior to the second treatment procedure, i.e., the anti- 
30 cancer agent, after the second treatment with the anticancer agent, at the same time as the 
second treatment with the anticancer agent, or a combination thereof. For example, a total 
treatment period can be decided for the HDAC inhibitor. The anti-cancer agent can be 
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adrninisteredprior to onset of treatment with .he HDAC inhibitor or fo.lowmg treatment 
with the HDAC inhibitor. In addition, treatment with the anti-cancer agent can be 
administered duringme period ofHDACmMbitoadministtationbutdoesnotneedto 
oocurovertheentireHDACinhibi.orn.atmentperiod. In another embodiment, the 
5 treatment regimen includes pre-treatment with one agent, either the HDAC inhibitor or the 
anti-cancer agent, followed by the addition of the second agent. 

The methods ofthe present invention are useful in the treatment in a wide vanety 
of oancers, including but not limited to solid tumors (e.g., tumors of me lung, breast, colon, 
prostate, bladder, rectum, brain or endometrium), hematological malignances (e.g., 
,0 hernias, lymphomas, myelomas), carcinomas (e.g. bladder carcinoma, renal carcmoma, 
breast carcinoma, colorectal carcinoma), neuroblastoma, or melanoma Non-lmutmg 
examples ofthese cancers include cutaneous T^elllymphoma (CTCL), noncu^neous 
peripheralT-cell lymphoma, lymphoma associated with human T-celllymphotrophrcv.rus 
(HTLV) adult T-cell leukemia/lymphoma (ATLL), acute lymphocytic leukenua, acute 
15 „„n,y™phocytic.eukemia,^ 

Hodgkin, disease, non-Hodgld^s lymphoma, multiple myeloma, mesothehoma, chrldho d 
solid tumors such as brain neurob.as.oma, rerinoblastoma, Wihns' hunor, bone cancer and 
soft-tissue sarcomas, common solid tumors of adults such ashead and neck cancers (e.g., 
oral laryngeal and esophageal), genito urinary cancers (e. g ., prostate, bladder, renal, 
20 uterine, ovarian, testicular, recta! and colon), lung cancer, breas, cancer, pancreatic cancer, 
melanontaandou.erskincancem.s.omachcancer.bmmcancer.Uvercu.cer.adrend 

cancer kidney cancer, thyroid cancer, basal cell carcinoma, squamous cell carcmoma of 
oomulceraungandpapillary.^^ 

25 retinoblastoma. . 

fa one particular embodiment ofthe present invention, dre HDAC .nhtbtter can be 
administered in combination with an additional HDAC inhibitor. In another particular 
embodiment ofthe present invention, *e HDAC inhibitor can be administered m 
eombinationwithan afcylating agent. In another particular embodiment of the present 
30 invention, the HDAC inhibitor can be administered in combination with an antibtettc 
agent In another particular embodiment ofthe present invention, In another particular 
embodimentofthepresent invention, toe HDAC inhibitor can be administered™ 
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invention, the HDAC inhibitor can be administered in combination with a hormonal agent. 
to anomerparticularembodimen<of*epresem^^ 
adnnmsteredtocombinationwitoaplan^^ 
5 ofmepresentmventio^theHDACim^ 

anti-angiogenic agent, to another particu.ar embodiment of the present invention, the 
HDACuntibitorcanbeadmimsteredtocombinationwitoamfferentiationindnc 
toanotoerparticmarmbodimentoftoepresen.mvention.toeHDACinmbto 
administered in combination with a cell grow* arrest inducing agent, to another parttcmar 

combination with an apoptosis inducing agent, toanother particular embodiment ofthe 
present invention, the HDAC inhibitor can be administered in combination wnh a 
cytotoxic agent In another particular embodiment of the present invention, the HDAC 
inhibitor eanbeadministereo in combination witoabiologic agent. In another parncular 
,5 embodiment of toe present invention, the HDAC inhibitor can be administered m 

combination with any combination of an additional HDAC inhibitor, an alkylating agent, 
an antibiotic agent, an antimetabolic agent, a hormonal agent, a piant-denved agent an 
anti-angiogenic agent a mfferentiation inducing agent, a cell growto arrea, inducmg agent, 

an apoptosis inducing agent a cytotoxic agent or a biologic agent. 
20 jnoneparticmarembodimentofti.epresentinvention.toeHDACinhibitor.s 

SARA, which can be administered in combination with any one or more of another 
HDAC inhibitor, an alkylating agent, an antibiotic agent, an antimetabolic agent a 
hormonal agentaphnt-derived agent an anti-angiogenic agent a differentiation toducmg 
agentacellgrowto arrest inducing agent, an apoptosis inducing agent a cytotoxrc agent, a 
25 biologic agent, a gene therapy agent or any combination thereof. 

The combination therapy can provide a therapeutic advantage m v,ew ofthe 

withHDACinhibitors can lead ,o a particular toxicity that is not seen with the anticancer 
agent and vice versa As such, mis differentia, toxicity can permit each treatment to be 
30 adntimsteredatadoseatwtochsaidtoxicitiesdonotexistoraremtoimal.suchmat 

together the combination therapy provides a therapeutic dose while avoiding toe tox-cnes 
ofeachoftoeconstitoentsofmecombinationagents. Furthennore, when toe therapeuhc 
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example, significantlybetter than additive therapeutic effects, the doses of each of the 
agents canbe reduced even fWhet. flowering *e associated Vetoes to an even 
greater extent. 

5 HfetejaBasstYBBg ' nit— "r'"''"" ibtt »" 

His«oned^«ylases{HDACs),astha..ermisusedherein,a I een Z vmesto 

.ne nTdeosoma, core histones. As such, HDACs togtfher win, histone acetyl transferases 
,0 (HATs) regulate the acety.ation status of histones. Histone acetylation affects gene 
^iJLinhflntersofHDACs.sucl.asmehv^xannc^W hybndpolar 

can be divided into three classes based on structural homology. Class I HDACs (HDACs 
foundmcomplexes associated v**t«^^ 

(HDACs 4 5 ^and^aresimUarto me yeastHDA! protein, and have bom nuclear and 
cytoplasmic snbceUular location. Both Class 1 and H HDACs are inhibited by 
ioxamic acid-based HDAC inhibitors, such as SAHA. Cass m HDACs form a 
20 sLmrally distent classofNAD dependent e^ymestoare related tome yeas, SIR2 

proteins and are no, inhibited by hydroxamic acid-based HDAC inhibitors 
compoundsma.arecapableofinmbinngmedeaceryladonofms.onesinv^ 

activity of compounds ofinterest. It is understood ma. compounds that can udub,. lustone 
30 deacerylaseactivitycanalsobrndtoomersubsh^esandassuchcaninhibttomer 
biologicallyacdvemoleculessuchasenzymes. 1. is also ,o be understood drat the 
compounds of the present invention are capable of inhibiting any of me Instone 
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deacetylases set forth above, or any other histone deacetylases. 

For example, in patients receiving HDAC inhibitors, the accumulation of 
acetylated histones in peripheral mononuclear cells as well as in tissue treated with HDAC 
inhibitors can be determined against a suitable control. 

HDAC inhibitory activity of a particular compound can be determined in vitro 
using, for example, an enzymatic assays which shows inhibition of at least one histone 
deacetylase. Further, determination of the accumulation of acetylated histones in cells 
treated with a particular composition can be determinative of the HDAC inhibitory activity 
of a compound. 

Assays for the accumulation of acetylated histones are well known in the literature. 
See, for example, Marks, P.A. et al., J. Natl. Cancer Inst., 92:1210-1215, 2000, Butler, 
L.M. et al, Cancer Res. 60:5165-5170 (2000), Richon, V. M. et al, Proc. Natl. Acad. Sci., 
USA, 95:3003-3007, 1998, and Yoshida, M. et al, J. Biol. Chem., 265:17174-17179, 
1990. 

For example, an enzymatic assay to determine the activity of an HDAC inhibitor 
compound can be conducted as follows. Briefly, the effect of an HDAC inhibitor 
compound on affinity purified human epitope-tagged (Flag) HDAC1 can be assayed by 
incubating the enzyme preparation in the absence of substrate on ice for about 20 minutes 
with the indicated amount of inhibitor compound. Substrate ([ 3 H]acetyl-labelled murine 
erythroleukemia cell-derived histone) can be added and the sample can be incubated for 20 
minutes at 37°C in a total volume of 30 uL. The reaction can then be stopped and released 
acetate can be extracted and the amount of radioactivity release determined by scintillation 
counting. An alternative assay useful for determining the activity of an HDAC inhibitor 
compound is the "HDAC Fluorescent Activity Assay; Drug Discovery Kit-AK-500" 
available from BIOMOL® Research Laboratories, Inc., Plymouth Meeting, PA. 

In vivo studies can be conducted as follows. Animals, for example, mice, can be 
injected intraperitoneally with an HDAC inhibitor compound. Selected tissues, for 
example, brain, spleen, liver etc, can be isolated at predetermined times, post 
administration. Histones can be isolated from tissues essentially as described by Yoshida 
et al, J. Biol. Chem. 265:17174-17179, 1990. Equal amounts of histones (about 1 ug) can 
be electrophoresed on 15% SDS-polyacrylamide gels and can be transferred to Hybond-P 
filters (available from Amersham). Filters can be blocked with 3% milk and can be probed 
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with a rabbit purified polyclonal anti-acetylated histone H4 antibody (aAc-H4) and anti- 
acetylated histone H3 antibody (aAc-H3) (Upstate Biotechnology, Inc.). Levels of 
acetylated histone can be visualized using a horseradish peroxidase-conjugated goat anti- 
rabbit antibody (1 :5000) and the SuperSignal chenuluminescent substrate (Pierce). As a 
loading control for the histone protein, parallel gels can be run and stained with Coomassie 
Blue(CB). 

In addition, hydroxamic acid-based HDAC inhibitors have been shown to up 
regulate the expression of the P 21™ gene. The P 21™protein is induced within 2 hours of 
culture with HDAC inhibitors in a variety of transformed cells using standard methods. 
The inductionofthe P 21-gene is associated with accumulation of acetylated histones m 
the chromatin regionofthis gene. Induction of P 21™ can therefore be recognized as 
involved in the Gl cell cycle arrest caused by HDAC inhibitors in transformed cells. 

HDAC inhibitors are effective at treating a broader range of diseases charactenzed 
by the proliferation of neoplastic diseases, such as any one of the cancers described herem. 
However, the therapeutic utility of HDAC inhibitors is not limited to the treatment of 
cancer. Rather, there is a wide range of diseases for which HDAC inhibitors have been 
found useful. 

For example, HDAC inhibitors, in particular SAHA, nave been found to be useful 
in the treatment of a variety of aeute and chrome inflammatory diseases, autoimmune 
20 diseases, allergic diseases, diseases associated with oxidative stress, and mseases 

characterized by cellular hyperpmuferation. Non-limiting examples are inflammatory 
conditions of a joint including and rheumatoid arthritis (RA) and psoriatic arthrths; 
inflammatory bowel diseases such as Crohn's disease and ulcerative eolins; 
spondylopathies; scleroderma; psoriasis (including T-eoll mediated psoriasts) and 
25 inflammatory dermatoses such an dermatitis, eczema, au,pic dermatitis, allergic contact 
dermatitis, urticaria; vasculitis (e.g., necrotizing, cutaneous, and hyperaensrtvvny 
vascuUtis); eosinphilic myositis, eosinophilic fasciitis; cancers with leukocyte infiltratton 
of the skin or organs, ischemic injury, including cerebral ischemia (e.g., brain injury as a 
result of trauma, epilepsy, hemorrhage or stroke, each of which may lead to 
30 neurodegeneration); KV, heart failure, chronic, acute or malignant liver msease, 
autoimmune thyroiditis; systemic lupus erythematosus, Sjorgren's syndrome, lung 
diseases (e.g., ARDS); acute pancreatitis; amyotrophic lateral sclerosis (ALS); 
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Alzheimer's disease; cachexia/anorexia; asthma; atherosclerosis; chronic fatigue 
syndrome, fever; diabetes (e.g., insulin diabetes or juvenile onset diabetes); 
glomerulonephritis; graft versus host rejection (e.g., in transplantation),; hemohorragic 
shock; hyperalgesia: inflammatory bowel disease; multiple sclerosis; myopathies (e.g., 
muscle protein metabolism, esp. in sepsis); osteoporosis; Parkinson's disease; pain; pre- 
term labor; psoriasis; reperfusion injury; cytokine-induced toxicity (e.g., septic shock, 
endotoxic shock); side effects from radiation therapy, temporal mandibular joint disease, 
tumor metastasis; or an inflammatory condition resulting from strain, sprain, cartilage 
damage trauma such as bum, orthopedic surgery, infection or other disease processes. 
Allergic diseases and conditions, include but are not limited to respiratory allergic diseases 
such as asthma, allergic rhinitis, hypersensitivity lung diseases, hypersensitivity 
pneumonitis, eosinophilic pneumonias (e.g., Loeffler's syndrome, chronic eosinophilic 
pneumonia), delayed-type hypersentitivity, interstitial lung diseases (D-D) (e.g., idiopathic 
pulmonary fibrosis, or ILD associated with rheumatoid arthritis, systemic lupus 
erythematosus, ankylosing spondylitis, systemic sclerosis, Sjogren's syndrome, 
polymyositis or dermatomyositis); systemic anaphylaxis or hypersensitivity responses, 
drug allergies (e.g., to penicillin, cephalosporins), insect sting allergies, and the like. 

For example, HDAC inhibitors, and in particular S AHA, have been found to be 
useful in the treatment of a variety of neurodegenerative diseases, a non-exhaustive list of 
) which is: 

I Disorders characterized by progressive dementia in the absence of other prominent 
neurologic signs, such as Alzheimer's disease; Senile dementia of the Alzheimer type; and 
Pick's disease (lobar atrophy). 

H. Syndromes combining progressive dementia with other prominent neurologic 
5 abnormalities such as A) syndromes appearing mainly in adults (e.g., Huntington's 

disease, Multiple system atrophy combining dementia with ataxia and/ormanifestaUons of 
Parkinson's disease, Progressive supranuclear palsy (Steel-Richardson-Olszewski), difiuse 
Lewy body disease, and corticodentatonigral degeneration); and B) syndromes appearing 
mainly in children or young adults (e.g., Hallervorden-Spatz disease and progressive 
JO familial myoclonic epilepsy). 

m. Syndromes of gradually developing abnormalities of posture and movement such 
as paralysis agitans (Parkinson's disease), striatonigral degeneration, progressive 
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supranuclear palsy, torsion dystonia (torsion spasm; dystonia musculorum deformans), 
spasmodic torticollis and other dyskinesia familial tremor, and Gilles de la Tourette 
syndrome. 

IV Syndromes of progressive ataxia such as cerebellar degenerations (e.g., cerebellar 
5 cortical degeneration and olivopontocerebellar atrophy (OPCA)); and spinocerebellar 
degeneration (Friedreich's atazia and related disorders). 

V. Syndrome of central autonomic nervous system failure (Shy-Drager syndrome). 
VL Syndromes of muscular weakness and wasting without sensory changes 

(motoneuron disease such as amyotrophic lateral sclerosis, spinal muscular atrophy (e.g., 
10 infantile spinal muscular atrophy (Werdnig-Hofftnan), juvenile spinal muscular atrophy 

(Wohlfart-Kugelberg-Welander) and other forms of familial spinal muscular atrophy), 

primary lateral sclerosis, and hereditary spastic paraplegia. 

VII Syndromes combining muscular weakness and wasting with sensory changes 
(progressive neural muscular atrophy; chronic familial polyneuropathies) such as peroneal 
15 muscular atrophy (Charcot-Marie-Tooth), hypertrophic interstitial polyneuropathy 
(Dejerine-Sottas), and miscellaneous forms of chronic progressive neuropathy. 
VIE. Syndromes of progressive visual loss such as pigmentary degeneration of the retina 
(retinitis pigmentosa), and hereditary optic atrophy (Leber's disease). 

20 Typically, HDAC inhibitors fall into five general classes: 1) hydroxamic acid 

derivatives; 2) Short-Chain Fatty Acids (SCFAs); 3) cyclic tetrapeptides; 4) benzamides; 
and 5) electrophilic ketones. 

Thus, the present invention includes within its broad scope compositions 
comprising HDAC inhibitors which are 1) hydroxamic acid derivatives; 2) Short-Chain 
25 Fatty Acids (SCFAs); 3) cyclic tetrapeptides; 4) benzamides; 5) electrophilic ketones; 

and/or any other class of compounds capable of inhibiting histone deacetylases, for use m 
inhibiting histone deacetylase, inducing terminal differentiation, cell growth arrest and/or 
apoptosis in neoplastic cells, and/or inducing differentiation, cell growth arrest and/or 
apoptosis of tumor cells in a tumor. 

Non-limiting examples of such HDAC inhibitors are set forth below. It is 
understood that the present invention includes any salts, crystal structures, amorphous 
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structures, hydrates, derivatives, metabolites, stereoisomers, structural isomers and 
prodrugs of the HDAC inhibitors described herein. 

A H YHrnvamic Acid Derivatives such as suberoylanilide hydroxamic acid (SAHA) 
(Richon et al, Proc. Natl. Acad. Sci. USA 95,3003-3007 (1998)); m-carboxycinnamic 
acid bishydroxamide (CBHA) (Richon et al, supra); pyroxamide; trichostatin analogues 
such as trichostatin A (TSA) and trichostatin C (Koghe et al 1998. Biochem. Pharmacol. 
56: 1359-1364); saUcylbishydroxamic acid (Andrews et al, International J. Parasitology 
30,761-768 (2000)); suberoyl bishydroxamic acid (SBHA) (U.S. Patent No. 5,608,108); 
azelaic bishydroxamic acid (ABHA) (Andrews et al, supra); azelaic-l-hydroxamate-9- 
anilide (AAHA) (Qiu et al, Mol. Biol. Cell 11, 2069-2083 (2000)); 6-(3- 
chlorophenylureido) carpoic hydroxamic acid (3C1-UCHA); oxamflatin [(2E)-5-[3- 
[(phenylsufonyl) aminol phenyl]-pent-2-en-4-ynohydroxamic acid] (Kim et al Oncogene, 
18: 2461 2470 (1999)); A-161906, Scriptaid (Su et al 2000 Cancer Research, 60: 3137- 
3142); PXD-101 (ProUfix); LAQ-824; CHAP; MW2796 (Andrews et al, supra); 
MW2996 (Andrews et al, supra); or any of the hydroxamic acids disclosed in U.S. Patent 
Numbers 5,369,108, 5,932,616, 5,700,811, 6,087,367 and 6,511, 990. 

B . r yii.Tctrapentides such as trapoxin A (TPX)-cyclic tetrapeptide {cyc\o-(^ 
phenylalanyl-L-phenylal^^ 

(Kijima et al, J Biol. Chem. 268,22429-22435 (1993)); FR901228 (FK 228, depsipeptide) 
(Nakajima et al, Ex. Cell Res. 241,126-133 (1998)); FR225497 cyclic tetrapeptide (H. 
Mori et al, PCT Application WO 00/08048 (17 February 2000)); apicidin cyclic 
tetrapeptide [cyclo(N-0-methyl-L-tryptophanyl-L -isoleucinyl-D-pipecolinyi-L-2-amino- 
8-oxodecanoyl)](Darkin-Rattray^a/., Proc. Natl. Acad. Sci. USA 93,1314313147 
(1996)); apicidin la, apicidin lb, apicidin Ic, apicidin Ha, and apicidin lib (P. Dulski et al, 
PCT Application WO 97/1 1366); CHAP, HC-toxin cyclic tetrapeptide (Bosch et al, Plant 
Cell 7, 1941-1950 (1995)); WF27082 cyclic tetrapeptide (PCT Application WO 
98/48825); and chlamydocin (Bosch et al, supra). 
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c Rhnrt chain fatty ae id (SCFA^ derivatives such as: sodium 
butyrate (Cousens et al, J. Biol. Chem. 254,1716-1723 (1979)); isovalerate (McBain et 
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al, Biochem. Pharm. 53: 1357-1368 (1997)); valerate (McBain et al, supra) ; 4- 
phenylbutyrate (4-PBA) (Lea and Tulsyan, Anticancer Research, 15,879-873 (1995)); 
phenylbutyrate (PB) (Wang et al, Cancer Research, 59, 2766-2799 (1999)); propionate 
(McBain et al, supra); butyramide (Lea and Tulsyan, supra); isobutyramide (Lea and 
5 Tulsyan, supra); phenylacetate (Lea and Tulsyan, supra); 3-bromopropionate (Lea and 

Tulsyan, supra); tributyrin (Guan et al, Cancer Research, 60,749-755 (2000)); valproic 

acid, valproate and Pivanex™. 

D u^ m ^ derivatives such as CI-994; MS-275 [N- (2-aminophenyl)-4- [N- 
10 (pyridin-3-yl methoxycarbonyl) aminomethyl] benzamide] (Saito et al, Proc. Natl. Acad. 
Sci. USA 96, 4592-4597 (1999)); and 3'-amino derivative of MS-275 (Saito et al, supra). 

E ~. p^ni.wton. derivatives such as trifluoromethyl ketones (Frey et al, 

Bioorganic & Med. Chen, Lett. (2002), 12, 3443-3447; U.S. 6,511,990) and a-keto 
1 5 amides such as N-methyl- a-ketoamides 

F . Other HDAC Inhibitors such as natural products, psammaplins and Depudecin 
(Kwon et al 1998. PNAS 95: 3356-3361). 

20 Preferred hydroxamic acid based HDAC inhibitors are suberoylanilide hydroxamic 

acid (SAHA), m-carboxycinnamic acid bishydroxamate (CBHA) and pyroxamide. SAHA 
has been shown to bind directly in the catalytic pocket of the histone deacetylase enzyme. 
SAHA induces cell cycle arrest, differentiation and/or apoptosis of transformed cells in 
culture and inhibits tumor growth in rodents. SAHA is effective at inducing these effects 
25 inbomsolidtumorsandhematologicalcancers.IthasbeenshownmatSAH^ 

at inhibiting tumor growth in animals with no toxicity to the animal. The SAHA-induced 
inhibition of tumor growth is associated with an accumulation of acetylated histones » the 
tumor. SAHA is effective at inhibiting the development and continued growth of 
carcinogen-induced (N-methylnitrosourea) mammary tumors in rats. SAHA was 
30 administered to the rats in their diet over the 1 30 days of the study. Thus, SAHA is a 

nontoxic, orally active antitumor agent whose mechanism of action involves the mhibiuon 
of histone deacetylase activity. 
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Prefer HDAC inhibitors are .hose disclosed in U.S. Patent Numbers 5,369,108, 
5932 616 5,700,811,6,087,367 and 6,511,990, issued to some of tire present mven.ors 
disclose compounds, the entire contents of which are incorporated herein by reference, 
non-limiting examples of which are set forth below: 

In one embodiment the HDAC inhibitor usefol in the methods of the present 
invention isreprcaented by the structure of formula 1, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutical!, acceptable carrier or exc,p.en.. 

O 



R '\ / 

V (CHj)n 



10 



15 



whereinRandRacan be the same or different; when R.andR.are tire same, each ,sa 
substituted or unsubstituted arylamino, cyeloalkylamino, pyridineanrino, pipend.no 9- 
pnrine-6-^eor.hiazoleamino group; when R. and R: are different R^-N-R, wherem 
each ofR.andR.are independently me same as or different from each operand area 

aKyl alkenyl, cycloalkyl, aryl alkyloxy, aryloxy, arylalkyloxy or pyridine group, or R, and 
R.arebonded.oge,her to form a piperidine groups a hydroxylamino, hydroxy. 
an.ino.aUty.amino.diaM-nino or alkyloxy group andnis an integer from abou.4,0 



about 8 



20 



"taaparticularembodimentofformulal.R, and Ki are the same and are a 
substitoteaorunsubstitotentmazo^ 

In one embodiment, the HDAC inhibitor useful in the methods of the preaent 
mention is represented by the stototure of formula 2, or a pharmaceutically acceptable 
sal. or hydrate .hereof, and a pharmaceutically acceptable carrier or extent. 



r 



25 



N // 
> (CH 2 )n C 

/ «J 

wLneach of R, and R, are independently .he aame as or differ*., from each otter and 
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are ahydrogen atom, a hydroxyl group, a substituted or ^substituted, branched or 
branched aJkyl, alkeny., cydoalkyl, arylalkytoxy, arytoxy, arykdkytoxy or pyndine 
group or R.audR.arebondedtogethertofomrapiperidine group, Rrisahydroxy.am.no, 
hydroxyl, amino, alkylamino, dialkylamino or aUcyloxy group and n is an integer from 
about 4 to about 8. 

I» apartieular embodiment of formula 2, each of Rj and R, are mdependently the 
same as or different from each other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted, branched or unbranched alkyl, alkenyl, cyeloalkyl, aryl, 
alkyloxy, aryloxy, arylalkytoxy, or pyridine group, or R 3 and R, bond togetiier to form a 
piperidine group; R, is a hydroxylamino, hydroxyl, amino, alkylamino, or aUryloxy group; 
n is an integer from 5 to 7; and R3-N-R4 and R* are different. 

in another particular embodiment of formula 2, n is 6. In ye. another embodiment 
ofform»la2,R.isahydrogen atom, R, is a substituted or rn.substitu.ed phenyl andms 6. 
I» ye. another embodiment of formula 2, R.isahydrogen atom, R, is a substituted phenyl 
and n is 6, wherein tire phenyl substituent is selected from the group cons.st.ng of a 
methyl cyano, nitro, trifluoromethyl, amino, aminocarbonyl, methylcyano, chloro, flnoro, 
bromo,'iodo, 2,3-difluoro, 2,4-difluoro, 2,5-difluoro, 3,4-difluoro, 3,5-difluoro, 2,6- 
difluoro, 1^,3-tiinuoro, 2,3,6-ttiflnoro, 2,4,6-trifluoro, 3,4,5-trifluoro, 2,3,5,0-tetrafluoro, 
2 3 4 5 6-pentafluoro, azido, hexyl, t-butyl, phenyl, carboxyl, hydroxyl, methoxy, 
phenyloxy, benzyloxy, phenylaminooxy, phenylaminocarbonyl, methoxycarbonyl. 
methylaminocarbonyl, dimethylamino, dimethylamino carbonyl, or 
hydroxylaminocarbonyl group. 

In another embodiment of formula 2, n is 6, R, is a hydrogen atom and R, .s a 
cyclohexyl group. In another embodiment of formula 2, n is 6, Rj is a hydrogen atom and 
Rj is a methoxy group. In another embodiment of formula 2, n is 6 and R3 and R* bond 
u.gemertoformapiperidinegroup. In another embodiment of formula 2, n is 6, R..s a 
hydrogen atom and R, is a benzyloxy group. In another embodiment of formula 2, R, is a 
hydrogen atom andR, is ar-pyridine group. In another embodiment of formula 2, R4 is a 
hydrogen atom and R 3 is a p-pyridine group. In another embodiment of formula 2, R4 . a 
, h ydrogenatomandR J isanc 1 .pyridinegroup.Inanomerembodimentofformula2,n.s6, 

and Ri and R. are botir methyl groups. In another embodiment of formula 2, n is 6, R4 is a 
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methyl group and R 3 is a phenyl group. 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 3, or a pharmaceutical^ acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 

o< / 

\ / R (CH 2 )n 

o' NHOH 
(3) 

wherein n is an integer from 5 to about 8. 

In a preferred embodiment of formula 3, n is 6. hi accordance with this 
embodiment, the HDAC inhibitor is SAHA (4), or a pharmaceutically acceptable salt or 
hydrate thereof, and a pharmaceutically acceptable carrier or excipient. SAHA can be 
represented by the following structural formula: 

eye / 

\ — / y — (ch 2 )6 — 

$ NHOH 
(4) 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 5, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 

C (CH 2 ) 6 ff 

O NHOH 
(5) 

25 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
30 
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invention is represented by tire struetnre of formnia 6 (pyroxanride), or a pharmaceutical* 

fV< / 

\=J )c— (CH 2)6 _ C / 

$ NHOH 
(6) 

5 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 7, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutical^ acceptable carrier or excmient 
10 H 

$ NHOH 



(7) 



15 



In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 8, or a pharmaceutical^ acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excpient. 




20 



25 



< / 

(CH 2 ) 6 c' 

$ NHOH 



(8) 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 9, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 
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CH 2 N. 



\ (CH 2 ) 6 ^ 

NHOH 

(9) 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 10, or a pharmaceutical^ acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 

Ra— N ff 
V (C H 2 )n 

(10) 

wherein R 3 is hydrogen and R4 cycloalkyl, aryl, aryloxy, arylalkyloxy, or pyridine group, 
or R 3 and R4 bond together to form a piperidine group; R 2 is a hydroxylamino group; and n 
is an integer from 5 to about 8. 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 11, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 

r 

R3— M ff 
jC (CH 2 )n 

& R 2 
(ID 

wherein R 3 and R4 are independently a substituted or unsubstituted, branched or 
unbranched alkyl, alkenyl, cycloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy, or pyridine 
group, cycloalkyl, aryl, aryloxy, arylalkyloxy, or pyridine group, or R 3 and R4 bond 
25 together to form a piperidine group; R 2 is a hydroxylamino group; and n is an integer 
from 5 to about 8. 
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In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 12, or a pharmaceutical^ acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 

\ i « // 

(H 2 C)m C N C— (CH 2 )n— 



10 



15 



20 



x 



R 



(12) 

wherein each of X and Y are independently the same as or different from each other and 
are a hydroxyl, amino or hydroxylamino group, a substituted or unsubstituted alkyloxy, 
alkylamino, dialkylamino, arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; R is a hydrogen atom, a hydroxyl, 
group, a substituted or unsubstituted alkyl, arylalkyloxy, or aryloxy group; and each of m 
and n are independently the same as or different from each other and are each an integer 
from about 0 to about 8. 

In a particular embodiment, the HDAC inhibitor is a compound of formula 12 
wherein X, Y and R are each hydroxyl and both m and n are 5. 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the steucture of formula 13, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable carrier or excipient. 

\ (H2 C)m C N (CH 2 )n— N C (CH 2 )o 

(13) 



wherein each of X and Y are independently the same as or different from each other and 
are a hydroxyl, amino or hydroxylamino group, a substituted or unsubstituted alkyloxy, 
alkylamino, dialkylamino, arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
25 alkyloxyalkylamino or aryloxyalkylamino group; each of R. and R2 are independently the 
same as or different from each other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alkyl, aryl, alkyloxy, or aryloxy group; and each of m, n and o 
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15 



„ independent* the - as or different from - — - - - " "~ - 

eachofXandYisahydroxylgroop.eachofR, and R 2 .s a methyl gr 

iS6 'Tl 2 — en, the HDAC ^ — * * — - ^ 
^ t or hydxate .hereof, andaphannaceut.caUyaccep^bleearner or exo,p,ent ^ 

(14) 

„ • ach of X and Y are independently the same as or different from each other and 

*rsrr s r:rr ss. - . — - • 



20 



^"rrlodimen, the HDAC inhdhitor osefol in me methods of thep^en. 
salt or hydrate thereof, andapharmaeeutieally acoeptable earner or excrptent. 

\ {H2 C)m— C NH C Y ff N 

X 

05) 

. . each 0 f x and Y are independently the same as or different from each other and 
tZZT^> or a snhstituted or —ted « 
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. . no aikylarylamino, alkyloxyaraino, aryloxyamino, 
--*«'— '"^ inhibitor useful in the methods of the present 



10 



(16) 



„ • HofXandVareindependenUyftesameasordifferen.ftomeachott.erond 
wherein eaoh of X and Y are -=P substitu ted or unsubstituted alkyloxy, 

„ a hydroxy!, amino or hydroxylam.no group a subsumed ^^o, 

tuTri^ttCd^es^eas 
« afcyloxya^lamino or aryloxyalkylammo group, " . substituted or 

or different from each other and are ahydrogen amm « 

v» v the structure of formula l /, or * F 11C " 

i r r i 

x iH (OH,)- CH C— Y 

(17) 
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I T I 

x £ — (cvym C (CH 2 )i> — c Y 



10 



(18) 

„ ■ eaeh of XandY are independently the same as or different from each other and 

w i ^ a ^ or — . - « 
d^annno, ^ -^—siss: 

same as or afferent from «eh oth« carbonylhyd roxylamino or 



(19) 

* • .chofR.and^areindependen.lythesameasordifferentfromeaehotherand 

25 r;ir^, — — ^ 
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alMoxyanrino, aryloxy^nino, ^ »r 
*p m a pabular M *e HDAC inhibitor is a compound of struck 
formolal9»hereinR,andRaarebothhydroxylam.no. 

h one en— the HDAC inhibit use*, in the - of 
invention is represented by the strucmre of fcrmula 20, or a ph—caHy acceptable 
sattorhydrate thereof, and a pban.acenneaUyaocepuO.le carrier or exo iP ,en.. 

/===\^,HC=CH 

■O 



> 



(20) 



10 



20 



25 



group. In a particular embodiment, the HDAC innibitor 

f«rm.,1 a 20 wherein R. and R2 are both hydroxylamino. 

^ Z ^embodiment, the HDAC inhibitor useml in the methods of 

salt orhydrate fl-ereof, and a pbarn^uricaUy actable earner or extent. 

O / = V HC=CH— 

R.-0-s— s-\_y 

(21) 

„ ■ .achofR.andlbareindependentlyfl.esameasordifferen.fiomeachod.erand 
W anrino, hydroxylamino, alxylanrino, diaUcy.amino, arylamino, 

In a particular embodiment, the HDAC inhibitor is a compound of structura! 
formula 21 wherein Ri and Ri are both hydroxylamino 

' J, le embodiment, me HDAC inhibitor nseml in me methods o the presen 
mention is represented by the sbucture of formnia 22, or a pharmaeeubcaHy aecep^l. 
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,C (CH 2 )n C 

/ \ 

(22) 

^ctituted with a cyano, methylcyano, nitro, carboxyl, 
phannaceutically acceptable carrier or excipient. 




r— < 



v NHOH 



t the HDAC inhibitor useful in the methods of the present 

fc one 6111 ^^^'J^ ^^^^ o^formula 24, or a pharmaceutically acceptable 
?0 invention is represented by the structure v, 

0~ i ■ ! F 
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to „„e embodiment me HDAC inhibitor useful in the memods of me preset 
invention is reprinted by me suture of fonnula 25, or a pharmaceutical* acceptable 
salt or hydrate thereof, and a pharmaceutic^ acceptable carrier or excp.ent. 



5 



10 



20 



O 



o 



-(CHj)n C NHOH 



(25) 

wherein R is a substituted or unsubstituted phenyl, piperidine, thiazole, 2-pyridine, 3- 
pyridineor4-pyridineandnisa»in.egerfromabout4toabout8 

ta one particular embodiment of formula 25, R is a substitute phenyl group, h> 
another particular embodiment of formula 25, R is a substituted phenyl group, where the 
substituent is selected from tire group consisting of methyl, cy^no, mtro duo, 
tffluoromethyl, amino, aminocarbonyl, methylcyano, chloro, fluoro, bromo todo^- 
difluoro 2,4-oifluoro, 2,5-difluoro. 3,4-difluoro, 3,5-difluoro, 2,6-dtfluoro, U,3-tnfiuoro, 
^Itrifluoro. 2,4,6-trif.uoro, 3,4,5-trifluoro. 2,3.5,6-tetiaf.uoro, 2,3,4,5,6-pentafluoro, 
* hexyl, t-butyl, phenyl, carboxyl, hydroxyl, memyloxy, P«. b * 
phenylarninooxy, phenylaminocarbonyl, memyloxycarbonyl, memylarmnocarbonyl, 
dtaetirylarmno.dimetoylammocarbonyl.orhydmxylamm^ 

in mother particular embodiment of fonnula 25, R is a substituted or unsubstituted 
2.pyrimne,3-pyridineor4-pyridinea»dnisanmtegerftomabout4toabout 8 

„ one embodiment, the HDAC inhibitor useful in tine methods of the present 
invention is represented by the structure of formula 26, or a pharmaceutical* acceptable 
salt or hydrate thereof, and a pharmaceutical!, acceptable carrier or excp.ent. 



25 



30 



— (CHaJn C NHOH 



wherein R is a substituted or unsubstituted phenyl, pyridine, piperidine or Uuazole group 
andnis an integer from about 4 to about 8 or a pharmaceutically accepteble salt thereof 

to a particular embodiment of formula 26, R is a substituted phenyl group. In 
another particular embodiment of formula 26, R is a substituted phenyl group, where the 
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subs tituent is seiected from *e group consisting of methyl, o^o, £ 
trifluoromethyr, amino, aminocnrbony., methylcyano, chloro, fluoro, bromo rodo, 2,3- 

^fluoro, 2,4,6-trifluoro, 3,4,5— 2,3,5,6-—, 

X hex* ««. phenyl, — * » methyloxy, ^ ^ 

phenylaminooxy, phenylaminocarbonyr, mefty>oxycarbony>. memtfamrnocarbonyl, 

dimemylantino.dimemyl^.e^y^ 

in another particular embodiment of formu.a 26, R is phenyl and n is 5. In another 
embodiment,nisSandRis3-ehlorophenyl. 

h one embodiment, the HDAC inhibitor useful in to methods of me preset 
invention is represented by the structure of formuhr 27, or a pharmaceutic^ acceptable 
sal, or hydrate thereof, and a pharmaceutic^ acceptable carrier or excrprent. 

n 



20 



(27) 

herein each of Ri and R2 is directly attached or through a linker 
.substituted, aryl (e.,, pheny.), ary^yl (e.g., benzyl), naphthyh cy«, 
ccloancylamino, pyridineamino, piperidino, 9-purme-6-amino, tinazoleam.no. hydroxyl, 
22 or tmblched afcy,, afcenyl, aUryloxy, aryloxy, arylafcyloxy, pyrr^or 
^inolinyl or isorpunohny.; n is an inreger from about 3 to about 0 and R, ,s 
Uxamic acid, hydroxylamino, hydroxy., amino, famine or aryloxy groupie 
uLr can be an amide moiety, e.g., O, -S-, -NH-, NR„ -CH, <C^. <CH-CHK 
phenylene, cydoallcylene, or any combination thereof, — R, rs a substimte or 

unsubstitutedCi-Csalkyl. u^u-^a „ 

In certain embodiments of fomuda 27, R, is -NH-R. wherem R. .s sobst.tu.ed or 
.substituted, aryl (e.g. pheny.), arylafcy, (e.g., benzyl), naphthy., cy« 
^oaKylantino, pyridineamino, piperidino, 9.pur.n,6-amino, tm— o, h« 
Iched or nnbranched alxyl, aUceny., aUryloxy, aryloxy, arylaUcyioxy, pyrrdyl, 

quinolinylorisoquinolinyl . ( , . 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
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invention is represented by the structure of formula 28, or a pharmaceutical* aceeptable 
or hydrate thereof, and a pharmaceutical* acceptab.e carrier or exctptent. 



R 2 

(28) 



, wherein each of Ri and * is, substituted or unsubstituted, aryl (e.g, phenyl), ary^l 
(e g , benzyl), naphthyl, cycloaUcyl, cycloalkylamino, pyridineammo, ptpend.no, 9-punne- 
ILo titLleanrino, hydroxy,, branched or unbranched alxyl, aUtenyl, a«, 
aryloxy, arylaHcyloxy, pyridy., quinolinyl or isoquinolinyl; * is 

moiel O-, -S, -NH-, NR„ -Cft-, ^ -(CH=CH)-, phenylene, cycloaUcylene, o 

mare each an integer from 3 to 10. , , . irp 

in further particular etnbodiment compounds having a more specmc structure 
15 within the scope ofcompounds 27 or 28 are: 

ta one embodiment, the HDAC inhibitor useful in me methods of the present 
invention is represented by thcstructure of formula 29: 

(29) 

20 wherein A is an amide moiety, R, and R, are each selected ffom substituted or 
nnsubstituted aryl (e.g., phenyl), arylafcy, (e.g, benzyl), naphthyl, «— ^ 
puri ne-6-amino, thiazoleamino, aryloxy, arylalkyloxy, pyridyl, ,mnol.nyl or tsooumolmyl, 
and n is an integer from 3 to 10. 

For example, the compound of formula 29 can have the structure 30 or 3 1 : 



25 
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m * (3,) 

w heretoR.,Riandnhavememeaiungsoffonnma29. 

to one embodiment, the HDAC inhibitor usend in the methods of the present 
invention is represented by the structure of formula 32: 

O 



NH O 



(32) 

wherein Ri is selected from substituted or unsubstituted aryl (e.g., phenyl), arylalkyl (e.g., 
^ pyridineamin „, 9-purme^. *i— o, arylo.y, aryl^.oxy, 





fa one embodiment, me HDAC inhibitor useful in me methods of me present 
invention is represented by the structure of formula 33: 
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NH © 



(33) 



a n is an integer from 3 to 10, Y is selected from 




c6c6c6c6 



and Rv' is selected from 




oi c6 



In one embodiment, the HDAC 



inhibitor useful in the methods of the present 



10 invention 



is represented by the structure of formula 34: 
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O 

"vV"Y" 



(34) 

from 3 to 10 and W is selected from 




06 06 



„ one — . * HDAC » — - - — ' " * — 
invention is represented by the struetore of formula 35: 
o 




NHOH 



,(CH 2 )n/ 



(35) • , 

vtv Ri and R 2 are each selected from substituted or 
1„re^p 1 e,*eeon 1 ponndoffonnu,a35canhave,hes m cture36or37. 
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in >~ 



wherein R«, lb, R*and n have the meanings of formula 35. 

in one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of formula 38: 



U I ^N! 



(38) 



wh ereinLis alinker selected from the group existing of an amide moiety, 
10 NR 5 , -CH,, ^ -(CH=CH)-, phenylene, cycloalkylene, - any — o 

Ra are independently a substituted or unsnbstituted ary. (e.g., pbeny ), « 
bera y,)naph*y.,pyrid— o,9^^ 

SJi^— ^saninteger^toUandmisanm^fcom 
15 0-10. 

For example, a compound of formula 38 can be represented by the structure of 
formula (39): 
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(39) 



Other HDAC inhibitors suitable for use in the methods of the present invention 
5 include those shown in the following more specific formulas: 
A compound represented by the structure: 



^JI Vv ^(CH 2 )n v> .NHOH 



5 



(40) 

10 wherein n is an integer from 3 to 10, or an enantiomer thereof. In one particular 
embodiment of formula 40, n=5. 



A compound represented by the structure: 

Y" 




(CH 2 )n. .NHOH 



15 < 41 > 

wherein n is an integer from 3 to 10, or an enantiomer thereof. In one particular 

embodiment of formula 41, n=5. 

A compound represented by the structure: 

20 
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(42) 

wherein n is an integer from 3 to 10 or an enantiomer thereof. In one particular 
5 embodiment of formula 42, n=5 . 



A compound represented by the structure: 
o 

A/ 




(CH2)n. -NHOH 



Y 




(43) 



wherein n is an integer from 3 to 10, or an enantiomer thereof. In one particular 
embodiment of formula 43, n=5. 

A compound represented by the structure: 
47 
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wherein n is an integer from 3 to 1,0 or an enantiomer thereof. In one partiouUr 
5 embodiment of formula 44, n=5. 



A compound represented by the structure: 



10 




wherein n is an integer from 3 to 10, or an 
1 5 embodiment of formula 45 , n=5 . 



enantiomer thereof. In one particular 
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A compound represented by the structure: 




5 wherein n is an integer from 3 to 10, or an 
embodiment of formula 48, n=5. 



enantiomer thereof. In one particular 
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embodiment of formula 49, n-5. 

A compound represented by the structure: 



(50) 

herein n is an integer tan 3 - 10, or en enantane, thereof. I. one parties 
embodiment of formula 50, n=5. 



10 



15 



A compound represented by the structure: 




(51) 

wher ein n is an integer from 3 to 10, or an enantiomer thereof. In one particular 

embodiment of formula 5 1 , n=5. 

Odter exanrp.es of such expounds and other HDAC inh,b,tors - be tad- 
US. Patent No. 5,369,r0 8 , issned on November 29, ,994, US. Patent No. 700.M . 
issued „„ Deeember 23, !997, U.S. Paten, No. 5,773,474, issued on June 30, 1998, U.S. 
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Paten, No. 5,932,616, issued on August 3, 1999 and U.S. Patent No. 6,511,990. issued 
January 28, 2003, all to Breslow et al.; U.S. Patent No. 5,055,608, issued on Ootober 8, 
1991 U.S. Patent No. 5,175,191, issued on December 29, 1992 and U.S. Patent No. 
5 60S 108, issued on March 4, 1997, all to Marks et al; as well as Yoshida, M., et al, 
Bioaslays 17, 423-430 (1995); Saito, A., e, al, PNAS USA 96, 4592-4597, (1999); 
Furamai R. et al, PNAS USA 98 (1), 87-92 (2001); Komatsu, Y., et al. Cancer Res. 
61(11) 4459-4466 (2001); Su, G.H., e< al.. Cancer Res. 60, 3137-3142 (2000); Lae, B.l. et 
at Catcer Res. 61(3), 931-934; Suzuki, T., et al, L Med. Cent. 42(15), 3001-3003 
(1999)- published PCT Application WO 01/18171 published on March 15, 2001 to Sloan- 
Kettering institute for Cancer Research and The Trustees of Columbia University, 
published PCT Application WO02/246144 to Hoffinann-La Roche; published PCT 
Application WO02/22577 to Novartis; pubUshed PCT Application WO02/30879 to 
Prolifix; published PCT Applications WO 01/38322 (published May 31, 2001), WO 
01/70675 (published on September 27, 2001) and WO 00/71703 (published on November 
30 2000) all to Methylene, Inc.; published PCT AppUcation WO 00/21979 published on 
October 8 1999 to Fujisawa Pharmaceutical Co., Ltd.; published PCT Application WO 
98/40080 published on March 11, 1998 to Beacon Laboratories, L.L.C.; and Curfn M. 
(Current patent status of HDAC inhibitors Expert Opin. THer. Patents (2002) 12(9): 1375- 
1384 and references cited therein). 

SAHA or any of the other HDACs can be synthesized according to the methods 
outlined in the Experimental Details Section, or according to the method set forth in U.S. 
Patent Nos. 5,369,108, 5,700,811, 5,932,616 and 6,511,990, the contents of winch are 
incorporated by reference in their entirety, or according to any other method known to a 
person skilled in the art. 
; Specific non-limiting examples of HDAC inhibitors are provided in the Table 

below It should be noted that the present invention encompasses any compounds which 
are structurally similar to the compounds represented below, and which are capable of 
inhibiting histone deacetylases. 



[Title 
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LAQ-824 


"OH o 

— 


Butyric Acid 


0 

II 


Depudecin 


OR ~ ~ 

OH 


Oxamflatin 


— ■ c 

NHS0 2 Ph 


Trichostatin C 





Chemical Definitions 

An "aliphatic group" is non-aromatic, consists solely of carbon and hydrogen and 
5 can optionally contain one or more units of unsaturation, e.g., double and/or triple bonds. 
An aliphatic group can be straight chained, branched or cyclic. When straight chained or 
branched, an aliphatic group typically contains between about 1 and about 12 carbon 
atoms, more typically between about 1 and about 6 carbon atoms. When cyclic, an 
aliphatic group typically contains between about 3 and about 10 carbon atoms, more 
10 typically between about 3 and about 7 carbon atoms. Aliphatic groups are preferably C,- 
C12 straight chained or branched alkyl groups (i.e., completely saturated aliphatic groups), 
more preferably Ci-C 6 straight chained or branched alkyl groups. Examples include 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl and tert-butyl. 
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A„ "aromatio group" (also referre4 to aa an "aryi group") as used heroin includes 
carbocyclic aromatic groups, heterocyclic aromatic groups (also referred to as 
"heteroaryl") and fused polycyclic aromatic ring system as defined herein. 

A ..carbocyclic aromatic group" is an aromatic ring of 5 to 14 carbons atoms, and 
includes a carbocyclic aromatic group fused with a 5-or 6-membered cycloalkyl group 
such as indan. Examples of carbocyclic aromatic groups include, but are no. hunted to, 
pheuyl, naphthyl, e.g., 1-naphthyl and 2-naphthyl; anthracenyl, e.g., r-anthracenyl 2- 
anthracenyl; phenanthrenyl; fluorenonyl, e.g„ 9-fluorenonyl, indanyl andme hke A 
carbocyclic aromatic group is optionally substimted u,ith a designated number of 
substituents, described below. 

A "heterocyclic aromatic group" (or "heteroaryl") is a monocyclic, brcychc or 
tricyclic aromatic ring of 5- to taring atoms of carbon and from one to four heteroatoms 
selected fromO.N.orS. Examples ofheteroaryl include, but are no, limited to pyndyl, 
e g 2-pyridyl (also referred to as "a-pyridyl), 3-pyridyl (also referred to as p-pyridyl) and 

4- pyridyl (also referred to as (y-pyridyl); thienyl, e.g., 2-thienyl and 3-mienyl; fiuanyl, 
eg 2-fiuanyland3- & ranyl ; pyrinfidy.,e.g.,2-pynmidyland4.pynmidyU 

. g', 2-imidazolyl; pyranyl, e.g., 2-pyranyl and 3-py.anyU pyrazolyl, e.g„ 4-pyrazolyl and 

5- pyrazolyhtmazolyle.^^^^^ 
isothiazolyl; oxazolyl, eg., 2-oxazoyl, 4-oxazoyl and 5- 
oxazoyUisoxazoyUpyrrolyUpyrid^ 

(or heteroaryl) as defined above may be optionally substimted with a designated number 
of substituents, as described below for aromatic groups. 

A "fused polycyohc aromatic" ring system is a carbocyclic aromatic group or 
heteroaryl fused with one or more other heteroaryl or nonammatic heterocychc nng. 
Examples include, quinolinyl and isoqnino.inyl, e.g., 2-quinolinyl, 3-quinohnyl, 4- 
cuinohnyl, 5-quinolinyl, 6-quinolinyl, 7-quino.inyl and 8-,uinolinyl, l-isoquinolmyl, 3- 
quinolinyl, 4-iso,uinolinyl, 5-isoquinolinyl, 6-iso,uino.iny., 7-iso,uinoliny. and 8- 
isoquinolinyl; benzofuranyl e.g., 2-benzofuranyl and 3-benzofurany.; dibenzofcranyl e.g., 
2 3-dihydrobenzofcranyl; dibenzothiophenyl; benzothienyl, e.g., 2-benzomieny. and 3- 

benzooxazo,yl,e.g.,24>enzooxazo^ 

e g .-isoindolyl and 3-isoindolyh benzotriazolyl; purinyl; thianaphthenyl and the hke. 
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Fused polycyclic aromatic ringsystems may optionally be substituted with a designated 
number of substituents, as described herein. 

An "amlkyl group" (arylalkyl) is an alkyl group substituted with an aromattc 
group, preferably aphenyl group, preferred aralkyl group is abenzyl group^ Suitable 
5 aromaticgroupsarcdescribedheremandsnitablealkylgmupsaredescribedherem. 

Suitable substituents for an aralkyl group are described herein. 

An "aryloxy group" is an aryl group that is attached to a compound via an oxygen 
(e.g.,phenoxy). 

An "alkoxy group"(alkyloxy), as used herein, is a straight cham or branched C- 
10 O, or cyclic CC a alky! group ma, is connected to a compound via an oxygen atom. 
Examples of alkoxy groups includebu, are not limited to memoxy.ethoxyandpropoxy. 

An "arylalkoxy group" (arylalkyloxy) is an arylalkyl group that is attached to a 
compound via anoxygen on the alkyl portion of tire aryhdkyl (e.g, phenylmetitoxy). 
An "arylamino group" as used herein, is an aryl group that is attached to a 
15 compound via a nitrogen. 

As use* herein, an "arylalkylamino group" is an arylalkyl group mat ,s attached to 
a compound via a nitrogen on the alkyl portion of the arylalkyl. 

As used herein, many moieties or groups are referred to as being either substituted 
or substituted". Whenamoiety is refened to as substituted, it denotes mat any portion 
20 of^emoietymatisknov^tooneskiUenmmeartaabemgavailableforsubsttmttonenn 

be substituted. For example, the substitute group can be a hydrogen atom winch.* 
replaced with a group other than hydrogen (i.e., a subs.iu.ent group). Multiple substttiaent 
groups can be present. When multiple substituents are present, the substituentscanbe me 
rameorm ff eren,andsubs,iti.tioncanbea.anyofmesubstimUblesi,es.Suchmea«for 

25 5ubs ti,utionarewe,l-know™me^^ 

be construed as limitingthe scope of mis invention, some examples of groups ma. a« 
substituents are: alkyl groups(which can also be substintted, with one or more 
substituents, such as CF,), alkoxy groups (which can be substituted, such as OCF 3 ),a 
halogen or halo group (F, CI, Br, I), hydroxy, nitto, oxo, -CN, -COH, -COOH, annuo, 
30 ^do.N-alkylanunoorN.N^lanrinoCinwhichti.ealkylgroupscanalsobe 

be substituted), aryl (most preferred is phenyl, which can be subsisted), arylalkyl (winch 
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can be substituted) and aryloxy. 



:3a.orv.A~nd Pre ^^^ 

^osable^ima^ofcne.nother.Asp.cmcs.ereo,^ can also be referred 
(.) whenbonds^U-echiralearbonaredepictedas straight Unas » the form .as of the 

the (R) or (S) configuration to a chiral carbon. lr „ terth . 
Wn^fl.eHDACinhibito.ofurepresen. invention contanr one chrrai center.the 

25 compoundsexistintwoenantiomencforn^^ 

30 D ia a L m eticSal,For m a.ionh y DavidKo m a(CRCPress,2 W1 ));for m a,,on^ 
mas^sennericderivanvesor^^ 

Ration, gas-li,»id or Ucuid chromatography; seieetive reaction of one enantiomer 
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with an enantiomer-specific reagent, for example enzymatic es.enfiea.ion; or gas-hamd or 
liq nid chromatography inachiral environment for example on a ehiral support for 

5 Z of the separation procedures described above, a further step is reared ,o hbera* me 
desired enantiomerie form. Alternatively, speeifie enanfiomers may be synthesized by 
asymmetric synthesis using optieal.yaefive reagents, substrates, catalysts or so.venU.or 
by converting one enantiomer into the other by asymmetric transformation. 

Designation of a specific absolute configuration at a chiral carbon of the 
10 compounds of me invention is understood to mean that the designated enantiomeric form 
„f t hee 0 mpo ra ,d S ismenantiomericexees S (ee)ormomer W ord S issubsta„ n aUyfiee 

fo m toe other enantiomer.For example, me -R- forms of the compounds are sub— y 
fteeftomme-S- forms of tire compounds and are, thus, in enantiomeric excess of the ,8 
forms. Conversely, "S" forms of the compounds are substantial,, free of "R forms of the 
15 com pound.andare,tous>ena„tiomericexcesso^^ 

asusedherein, is me presence of a particular enantiomer at greater than 50%.For 
example, me enantiomeric excess can be about 60% or more, such as about 70/.O, :more 
for example about 80%ormore, such as about 90% or more, In a particular embodrmen, 
whenaspeeific absolute configuration is designated, toe enantiomeric excess of deputed 
20 c „mpoundsis«lenstabou,90%.toamo re p^ 

at least 99% enantiomeric excess. 

When a compound of toe present invention has two or more chiral carbons « can 
h ave more than two optical isomers and can exis. in diastereoisomeric form, For example, 
25 wh entoereare«woclura.carbons,toecompou„dcanhaveupto4opticnlisomersa„d2 

pairs of enantiomers «S,S)/(R,R) and (R,Sy<S,R». The pairs of enantiomers (e.g 
(SSV^are minor image stereoisomers of one another. The stereoisomers winch are 
mirror-images (e.g., (S,S) and <R,S» are diastereomers. The diastereoisomenc parrs 
m aybeseparatedbymetoodsk»own.otooseskilledintoeart,forexample 
30 ohmmatogmphyorcrystalli^ eachparrmaybe 

compounds and mixtures thereof. 
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therein, V an" and~.be" include singular and plural referents unless the 
contextclear.ydic^softerwise.Thus.forexatnp.e.referenee.o-anactiveagen. or 
ZL^U^agent-ineludesasingleacnveagentasweUatwoorreore 

s more carriers as well as a single carrier, and the like. 

pharmacological techniques. 

Tmsinven«ion,madditiontotheabove.is.e4co I npounds, 1 s 1 ntended«, 

similarities. 

a^latingthesenncleotidesandpreventingfteirassembly.ntoDNA. 
20 ^-^^d-t.-^^-M^"— * .-hl—ne, 

carboxvl, and imidazole groups. 
Underphy^ 

phases to theMphases.Chabner and Collins ed, (1990) "Cancer Chemotherapy: 
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Principles and Practice", Philadelphia: JB Lippincott. 

The ablating agents are active agains, wide variety of neoplastic dts^ses, wti, 

5 .eukemia^Hodgkm'sdiseas^^^ 

brain tumors; carcinomas of the breast, ovaries, testes, lungs, bladder, cervrx, head and 
neck, and malignant melanoma. 

The major toxicity common to allofthe alkylating agents is myelosuppresston. 
AdditionaUy.Gashointestinal adverse effect of variable severity occur commonly and 
,0 various organ toxicities are associated with specific compound, Black and 
Livingston (1990) Drugs 39: 489-501 ; and 39: 652-673. 

Antibiotics . . ~ XTA 

Antibiotics (e.g., cytotoxic antibiotics) act by directly inhibiting DNA or RNA 
« synthesisandareeffectivemronghoutmeceUcycle. Examples of antibiotic agents 
include ant ta acyclines(e.g.,doxo^ 
antfcacenedioneWom^^ 

ag ents interferes v^mcengrowm by targ^gdiffereotceUu.ar component For exampl^ 

20 mmemgionsof^ptiomfilyacfiveDNA.wmch.eads.DNA^d^ 

Bleomycin is generally believed to chelate iron and forms an activated complex, 
w hichmenbindstobasesofDNA,causing S oandscissionsandcelldeath. 

The antibiotic agents have been used as therapeutics across a range of neoplastic 
diseases, including carcinomas of me breas, lung, stomach and thyroids, lymphomas, 
25 m yclogenousleukentias,myelomas,andsarcomas.The P rimary.oxiciryofuie 
anthracyclincswiminuiis group is myelosuppression, especially granmocytooeni* 

dosage administration of the anthracyclines. 

30 

Aitimclabo lii- Agents 
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Antime.abo.io agents (i.e., an.imetabo.ites) are a group of drugs that interfere w,th 
metabolieprocesses vital to the physiology and proliferation of cancer cells. Actively 
proliferating cancer ceHs require continuous synthesis of targe quantities of nucle.cac.ds, 
proteins, lipids, and other vital cellular constituents. 

Many of the antimetabolites inhibit the synthesis of purine or pynrntdme 
nucleosidesorinhibitthe enzymes of DNA replication. Some antimetabolites also 
interfere with tire synthesis of ribonucleosides and RNA andA>r amino acid metabohsm 
andpmtemsynmesisaswell.Bymterfermg^ 

anmneteboHcagenta include, bm are no, limited h,,fl«or»uraca(5-FU),floxundme(^ 

FU d R ),memotrexate,leucovorin,hy^ 
MP),cytarabine,pentostatin,fludarabmephosphate,cladribinea 

and gemcitabine. 

Antimetabolic agents have widely used to treat several common forms of cuncer 
includingcammomasofcolon.re^^ 

ofantinretaboliteh.anrren.resultiromsuppressionof cellular proliferation in mr« 
active tissues, such as thebone marrow or gastrointestinal mucosa. Patients treated wrth 
fteseagentacommonlyexperiencebone marrow suppression, stomatitis, diarrhea, and ban- 
loss. Chen and Qrem (1992) Curr. Opm. Oncol. 4: 1089-1098. 

Ho rmonal Agents 

T^Lona. agents are a group of drug ma, rebate me growth and development 

of their .arge, organs. Most of the hormonal agents are sex steroids and their derivatives 
and analogs thereof, such as estrogens, progestogens, anti-estrogens, androgens, anu- 
androgens and progestins. These hormonal agents may serve as antagonists of receptors 
for the sex steroids «o down regulate receptor expression and transcription of vtel genes. 
Examples of such hormonal agents are synthetic esbogens (e.g., diettiylstibestrol) 
antieshogens (e.g., tamoxifen, teremifene, fluoxymesterol and raloxifene), antiandrogens 
(bicalutamide, nilutamide, flutamide), aromatase inhibitors (e.g., aminogluteunm.de, 
anasttozole and tetrazole), luteinizing hormone release hormone (LHRH) analogues, 
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ketoconazoU, goserelin acetate, leuprolide, roegestrol acetate and mifepnstone. 

Hormonal agents are used to treat breast cancer, prostate cancer, melanoma and 
m eni»gioma. Because tie major action of hormones is mediated through steroid receptors, 
60% recep.or-posi.ive breas. cancer responded .o first-line hormonal therapy; and less 
than!0% of receptor-negative rumors responded. The main side effect associated wtth 
hormonal agents is flare. Tfie fiequen. manifestations are an abrupt increase of bony pam, 
erythema around skin lesions, and induced hypercalcemia. 

Specifically, progestogens are used to treat endometrial cancers, since these 
cancers occur in womentirat are exposedto high levels of oestrogen unopposed by 



10 



15 



' Antodmgenaarcusedprimarilyfor^ 
hormone dependent. They are used to decrease ievels of testosterone, and thereby huubt, 

growth of the tumor. 

Hormonal treatment of breast cancer involves reducing the level of oestrogen- 
dependent activation of oesnogenrecoptors in neoplastic breast cells. Anti-oestrogens act 
bybindingmoes.mgenrecep^rsandpmventtiterecruimrentofcoactivators.mus 

inhibiting the oestrogen signal. 

UKH analogue* areusedmthe treatment of prostate cancer to decrease levelsof 
testosterone and so decrease the growth of the tumor. 

Aromatase inhibitors act by inhibiting the enzyme required for hormone synthests. 
hrpost-menopausal women, themain source of oestrogen is through the conversron of 
androstenedione by aromatase. 
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Plant . d crived agents are a group of dmgs mat are derived from plants or modtfied 
basedonmemolecularstroctureoftheagents. They inhibit cell replication by preventing 
the assembly of the cell's components that are essential to cell divsron. 

Examples of plant derived agents include vinca alkaloids (e.g., vincnsone, 
vtablaatine.vindesine.vinzoli^^ 

derived agents generally act as antimitotic agents that bind to tubulin and inhibit nn«os,s. 
Podophyllotoxins such as etoposide are believed to interfere with DNA synthesis by 
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tt i-„^;«o to DNA strand scission. 

my cosis fhngoides, and Kaposvs sarcoma. canKr . 
Etoposide is active against a wide range of neoplas 

5 (neutropemaandd^ombocytopama). nonnalities , alopecia, 

Ohet side effects include transit hepaUc enzyme 
allergic reactions, and peripheral nenropathy. 

Bjplofic Agen ts f hi„ m olecules that elicit cancer/tumor regression 

Biologtcagentsareagroupofbromoleculesfl. Examplesof 

i**"- 2 ^ 2 ' ^^^.ofpan^withme^erenalcenearcmoma 
andhavebeenapprovedfor^eu^men ^^^..T** 
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later appearing to be particularly sensitive. 

Examples of interferons inelude, interferons in.erferon-P (fibroblast interferon) 
and interferon-v (fibroblast interferon). Examples of other cytokines include erythropoietin 
(epoietin- o), granulocyte-CSF (filgrastin). and granulocyte, macrophage-CSF 
<^amost™).Omeriinmunc-modul« 
Calme«e-Guerin,levanusole,ando^ 
effects of the naturally occuring hormone somatostatin. 

Furthermore, the anti-cancer treatment can comprise treatment by immunotherapy 
wiflt antibodiea and agents used m tumor vaccination approaches. The primary drugs in 
this therapy class are antibodies, alone or carrying e.g. toxins or 
chemostherapeufics/cytotoxics to cancer cells. Monoclonal antibodies against tumor 
antigens are antibodies elicited against antigens expressed by tumors, preferably hunor- 
speeific antigen, For example, monoclonal antibody HERCEPTIN® (trastuzumab) is 
raised against human epidermal growth factor receptor2 (HER2) that is overexpressed m ^ 
; .omebreaattumorsincludingmehtstatic breast cancer. Overexpression of HER2 protein is 
associated with more aggressive disease and poorer prognosis in the chnic. 
HERCEPTIN® is used as a single agent for the treatment of patients with metastatic breast 
cancer whose tumors over express the HER2 protein. 

Another example of monoclonal antibodies against tumor antigens is RTTUXAN® 
0 (rin K m^)matisraisedagains.CD20onlymphomacellsandseleetivelydeple«en^ 

and malignant CD20+ pre-B and mature B cells. 

RTTUXAN is used as single agent for the treatment of patients with relapsed or 
refractory low-grade or follicular, CD20+, B cell non-HodgknVs lymphoma. 
MYELOTARG® (gemtuzumab ozogamicin) and CAMPATH® (alemtuzumab) are further 
25 examples of monoclonal antibodies against tumor antigens that may be used. 

Tumor suppressor genes are genes that function to inhibit the cell growth and 
di™ioncycles,u,uspreventin g U,edevelopmen,ofneoplasi^ Mutations in tumor 
suppressor genes cause the cell to ignore one or more ofthe components of the networkof 
inhibitory signals, overcoming the cell cycle checkpoints and resulting in a higher rate of 
30 controlled cell growth-cancer. Examples ofthe tumor suppressor genes mclude Duc-4, 
NF-1, NF-2, RB, p53, WT1, BRCA1 and BRCA2. 
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DPC4 is involved to pancreatic cancer and participates in a cytoplasmic pathway 
that inhibits cell division. NF-1 codes for a protein that inhibits Ras, a cytoplasmic 
inhibitory protein. NF-1 is involved in neurofibroma and pheochromocytomas of the 
nervous system and myeloid leukemia. NF-2 encodes a nuclear protein that is involved m 
5 meningioma, schwanoma, and ependymoma of die nervous system. RB codes for the pRB 
protein, anuclear protein that is amajor inhibitor of cell cycle. RB is involved .n 
retinoblastoma as well as bone, bladder, small cell lung and breast cancer. P53 codes for 
P 53 protein that regulates cell division and can induce apoptosis. Mutation and/or maetion 
of p53 is found in a wide ranges of cancers. WTI is involved in Wilms' tumor of the 
10 kidneys. BRCA1 is involved in breast and ovarian cancer, and BRCA2 is involved m 
breast cancer, lire tumor suppressor gene can be transferred into the tumor cells where ,t 
exerts its tumor suppressing functions. 

Cancer vaccines are a group of agents that induce the body's specific immune 
response to tumors. Mostofcancer vaccines under research and development and clinical 
15 trials are tumor-associated antigens (TAAs). TAAs are structures (i.e., proteins, enzymes 
or carbohydrates) that are present on tumor cells and relatively absent or dirmmshed on 
normal cells. By virtue of being fairly unique to the tumor cell, TAAs provide targets for 
the immune system to recognize and cause their destruction. Examples of TAAs mclude 
gangliosides (GM2), prostate specific antigen (PSA), a-fetoprotein (AFP), 
20 carcinoembryonic antigen (CEA) (produced by colon cancers and other adenocarcinomas, 
e g breast, lung, gastric, and pancreatic cancers), melanoma-associated antigens (MART- 
1 , gapl 00, MAGE 1 ,3 tyrosinase), papillomavirus E6 and E7 fragments, whole cells or 
portions/lysates of autologous tumor cells and allogeneic tumor cells. 

25 other Therapies 

Recent developments have introduced, in addition to the traditional cytotoxic and 
hormonal therapies used to treat cancer, additional therapies for the treatment of cancer. 
For example, many forms of gene therapy are undergoing preclinical or clinical 

trials. 

In addition, approaches are currently under development that are based on the 
inhibition of tumor vascularization (angiogenesis). The aim of this concept is to cut off 
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the tumor from nutrition and oxygen supply provided by a newly built tumor vascular 
system. 

In addition, cancer therapy is also being attempted by the induction of terminal 
differentiation of the neoplastic cells. Suitable differentiation agents include the 
compounds disclosed in any one or more of the following references, the contents of 
which are incorporated by reference herein. 

a) Polar compounds (Marks et al (1987); , Friend, C, Scher, W., Holland, J. W., 
and Sato, T. (1971) Proc. Natl. Acad. Sci. (USA) 68: 378-382; Tanaka, M., Levy, J., 
Terada, M., Breslow, R., Rifkind, R. A., and Marks, P. A. (1975) Proc. Natl. Acad. Sci. 
(USA) 72: 1003-1006; Reuben, R. C, Wife, R. L., Breslow, R, Rifkind, R. A., and 
Marks, P. A. (1976) Proc. Natl. Acad. Sci. (USA) 73: 862-866); 

b) Derivatives of vitamin D and retinoic acid (Abe, E., Miyaura, C, Sakagami, H., 
Takeda, M., Konno, K., Yamazaki, T., Yoshika, S., and Suda, T. (1981) Proc. Natl. Acad. 
Sci. (USA) 78: 4990-4994; Schwartz, E. L., Snoddy, J. R, Kreutter, D., Rasmussen, H., 
and Sartorelli, A. C. (1983) Proc. Am. Assoc. Cancer Res. 24: 18; Tanenaga, K., Hozumi, 
M., and Sakagami, Y. (1980) Cancer Res. 40: 914-919); 

c) Steroid hormones (Lotem, J. and Sachs, L. (1975) Int. J. Cancer 15: 731-740); 

d) Growth factors (Sachs, L. (1978) Nature (Lond.) 274: 535, Metcalf, D. (1985) 

Science, 229: 16-22); 

e) Proteases (Scher, W., Scher, B. M., and Waxman, S. (1983) Exp. Hematol. 11: 
490-498; Scher, W., Scher, B. M., and Waxman, S. (1982) Biochem. & Biophys. Res. 
Comm. 109: 348-354); 

f) Tumor promoters (Huberman, E. and Callaham, M. F. (1979) Proc. Natl. Acad. 
Sci. (USA) 76: 1293-1297; Lottem, J. and Sachs, L. (1979) Proc. Natl. Acad. Sci. (USA) 
76: 5158-5162); and 

g) inhibitors of DNA or RNA synthesis (Schwartz, E. L. and Sartorelli, A. C. 
(1982) Cancer Res. 42: 2651-2655, Terada, M., Epner, E., Nudel, U., Salmon, J., Fibach, 
E Rifkind, R. A., and Marks, P. A. (1978) Proc. Natl. Acad. Sci. (USA) 75: 2795-2799; 
Morin M. J. and Sartorelli, A. C. (1984) Cancer Res. 44: 2807-2812; Schwartz, E. L., 

) Brown, B. J., Nierenberg, M., Marsh, J. C, and Sartorelli, A. C. (1983) Cancer Res. 43: 
2725-2730; Sugano, H., Furusawa, M., Kawaguchi, T., and Ikawa, Y. (1973) Bibl. 
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„, 3, ,43.54; Bbert, P. ,, Wars, U - 0- - * 

,809-1813;Hayasm,M.,Okabe,J., and Hozunfi, M. (1979) Cfcnn 70. 235-238), 

The useof all of these approaches in combination wim HDAC inhibitors, e.g. 
SAHA, are wilhin the scope of the present invention. 

™-<~ .~n Pose- administration win need 
- emethodsofth e present hTvendon comprise adrninisrenng to a pahen. m need 

and second treatments together comprise a therapeutic^ effecttve amount. 
MammaUanandnon-mammaUanpaden^inCuded. ta a specific embodie d* 
5 caprine. In a particular embodiment, the patient is ahuman. 

,\ dmjnj ri nrltm ofthe ■mtr Inhibitor 

amitei of Ad ministration 

T ^ rr ^^«or(e.g.SAHA),canbeadm^^^ 
adnfinistration method known to a person skilled in the art. Examples ofrou.es of 

intraarterial, transderm^^ , 

Icuta^m.^^ 

formulations), pills, powders, granu.es, ehxirs, tinctures, suspensions, syrups, and 
InlorJlLv*^^^ 

hnownto those of ordinary skill in the pharmaceutical ar*. A currently preferred 
atoimstmtionofmeHDACinmbitorisoraladministranon. 
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The HDAC inhibitors can also be administered in the form of a depot injection or 
taplan.prepara.ion, which maybe formulated in such a manner as to permit a sustamed 
release of the active ingredient. The active ingredient can be compressed into pellets or 
small cylinders and implanted subcutaneously or intramuscularly as depot injections or 
implants. Implants may employ inert materials such as biodegradable polymers or 
synthetic silicones, for example, Silastic, silicone rubber or outer polymers manufactured 
by the Dow-Coming Corporation. 

The HDAC inhibitor can also be administered in the form of liposome dehvery 
systems, such as small unilamellar vesicles, large unilamellar vesicles and multilamellar 
vesicles. Liposomes canbe formed ftomavariety of phospholipids, such as cholesterol, 

stearylamine or phosphatidylcholines. 

The HDAC inhibitors can also be delivered by the use of monoclonal antibod.es as 
individual carriers to which the compound molecules are coupled. 

The HDAC inhibitors can also be prepared with soluble polymers as targetable 
drug carriers. Such polymers can include polyvinlypyrrolidone, pyran copolymer, 
polyhydroxy-propyl-methacrylamide-phenol, polyhydroxyemyl-aspartamide-phenol, or 
polyetiryleneoxide-polylysine substituted with pataitoyl residues. Furtttermore, the HDAC 
inmbitorscnnbepreparedwimbiodegradablepolymemuse&lmaemevin^ 
release ofadrug, for example, polylactic acid, polyglycolic acid, copolymers of polylactie 
and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyne add, 
p„lyor*oes,ers,polyucetids,po^ 
amphipathic block copolymers of hydrogels. 

In a currently prefened embodiment, the HDAC inhibitor, e.g. SAHA, .s 
administered orally in a gelatin capsule, which can comprise excipients such as 
microcrystalline cellulose, eroscarmellose sodium and magnesium stearate. A further 
preferred embodiment is 200 mg of solid SAHA with 89.5 mg of microcrystalhne 
cellulose,9mgof sodium eroscarmellose and 1.5 mg of magnesium stearate cnntamed m 

a gelatin capsule. 



30 
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The dosage regimen utilizing the HDAC inhibitors can be selected in accordance 
with a variety of factors including type, species, age, weight, sex and the type of cancer 
being treated; the severity (i.e., stage) of the cancer to be treated; the route of 
administration; the renal and hepatic function of the patient; and the particular compound 
5 or salt thereof employed. An ordinarily skilled physician or veterinarian can readily 

determine and prescribe the effective amount of the drug required to treat, for example, to 
prevent, inhibit (fully or partially) or arrest the progress of the disease. 

For example, SAHA or any one of the HDAC inhibitors can be administered in a 
total daily dose of up to 800 mg, The HDAC inhibitor can be administered once daily 
10 (QD), or divided into multiple daily doses such as twice daily (BID), and three times daily 
(TID) The HDAC inhibitor can be administered at a total daily dosage of up to 800 mg, 
e.g., 200 mg, 300 mg, 400 mg, 600 mg or 800 mg, which can be administered in one daily 
dose or can be divided into multiple daily doses as described above. Preferably, the 
administration is oral. 

15 In addition, the administration can be continuous, i.e., every day, or intermittently. 

The terms "intermittent'' or "intermittently" as used herein means stopping and starting at 
either regular or irregular intervals. For example, intermittent administration of an HDAC 
inhibitor may be administration one to six days per week or it may mean administration m 
cycles (e.g. daily administration for two to eight consecutive weeks, then a rest period with 
20 no administration for up to one week) or it may mean administration on alternate days. 

SAHA or any of the HDAC inhibitors are administered to the patient at a total 
daily dosage of between 25-4000 mg/m 2 . A currently preferred treatment protocol 
comprises continuous adrninistration (i.e., every day), once, twice or three times daily at a 
total daily dose in the range of about 200 mg to about 600 mg. 
25 Another currently preferred treatment protocol comprises intermittent 

administration of between three to five days a week, once, twice or three times daily at a 
total daily dose in the range of about 200 mg to about 600 mg. 

In one particular embodiment, the HDAC inhibitor is administered continuously 
once daily at a dose of 400 mg or twice daily at a dose of 200 mg. 
30 In another particular embodiment, the HDAC inhibitor is administered 

intermittently three daysaweek, once daily at a dose of 400 mg or twice daily at a dose of 
200 mg. 
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ta mother particular embodiment, the HDAC inhibitor is administered 
intermittent.yfourdayaaweei.oncedaiiyatadoseof^Omgortwieedaiiya.adoseof 

200mg to another particular embodiment the HDAC inhibit is administered 
interminent.ynvedaysaweek.oncedai.yatadoseofAOOmgor^eedai.ya.adoseof 

"to one particular embodiment the HDAC inhibitor is administered continuously 
once ^lya.adoseofeoOmg.twic^dailyatadoseofBOOmg.orurree times daily ata 

dose of 200 mg. 

D taanomerparncularmbodtoent.meHDACinmbitorisadrmmstered 

i n,ermittenUym re edaysa W ee k ,oncedai.yatadoseof600mg,b»dcedailya,adoseof 

300 mg, or three times daily at a dose of 200 mg. 

to another particular embodiment, the HDAC inhibitor is administered 
mtermittently four daysaweek, once daily atadose of 600 mg, twice daily atadose of 
15 300mg,orthreetimesdailyatadoseof200mg. 

In another particular embodiment, the HDAC inhibitor is administered 
intermittently five daysaweek, once daily atadose of oOOmg, twice daily atadoseof 
300 mg, or three times daily at a dose of 200 mg. 

to addition, the HDAC inhibitor may be administered according to any of the 
20 schedu.es described above, consecutive* for a few weeks, fo.lowed by a re* period For 
example theHDAC inhibitor may be administored according to any one of toe schedules 

my « a dose of 300 mg for three to five days a week, to another particular embodunen, 
the HDAC inhibitor is administered three times daily for two consecutive weeks, followed 

25 bv one week of rest. . 

tottavenous.yorsubcu^eously.toepatien.wou.dreceivetoeHDACmhttotorm 

auantities sufficient to deliver between about 3-1500 mg/m* per day , for example, about 
3 30 60 90 180, 300, 600, 900, 1200 or 1500 mg/m 2 per day. Such quantit.es may be 
administered inanumberofsmtable ways, e.g. large volumes of low concentrator of 
HDACinhibitor during one extended period oftime or several timesaday. The quantmes 

thereofperwe^Tdayperiod). Alternatively, low volumes of high concentrattons of 
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HDACinhibi.orduri„gasho rt periodof«ime ;e .g.oncead a y for one or more days ether 
eonsecutively, intermittently or a combination thereof per week (7 daypenod). For 
exampie.adoseofSOOmgWper day canbe administered for 5 eonsecutive days fora 

5 day scana.sobe5,wimtt^men, la s.ingfor2or3conseentiveweeksfora.o.alof3000 

mg/m 2 and 4500 mg/m ! total treatment. 

Typically, an intravenous foimulation may be prepared which contams a 
concenttationofHDAC inhibitor ofbetween about 1.0 mg/mLto about »-^«* 
20mg^3.0mg/mU4.0m^5.0mg^ > 6.0m g ^7.0m g /nC,8.0mg/mI,9.0 
10 mg/mLandlOmg/mL m dadnnnis.ered in amounUtt, achieved doses described above. 
to one example, a sufficient volume of inttavenous formulation can be admmistered ,a 
patient inaday such that the total dose for the day is between about 300 and about !500 

"Subcutaneous fomulations, preferably^ 
15 known inthe art a. a pH in the rang, between about 5 and about 12, also include suitable 
buffers and isotonicity agents, as described below. They can be formulated to dehver a 
daily doseof HDAC inhibitor in one ormore daily subcutaneous administrahons, e.g, 
one, two or three times each day. 

The HDAC inhibitors can also be administered in intranasal form v,a top,cal use of 

20 

skin patches well known to those of ordinary skill in that art. To be admimstered n, the 
font, of a transdermal delivery system, the dosage administration will, or course, be 
eontinuous rather than intermittent throughout the dosage regime. 

1, should be apparent to a person skilled in the art that the various modea of 
25 admimsu.tion.dosagesanddosingschedulesdescrihedhereinmerelysetformspeo^ 

embodiments and should no, be construed as limiting the broad scope of the mvenhon. 
Anypermutations. variations and combinations of me dosages and dosing schedules are 
included within the scope of the present invention. 



30 Admini 



juration of A-«-^ »"cer Agent 
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Any one or more of the specific dosages and dosage schedules of the HD AC 
inhibitors, is also applicable to any one or more of the anti-cancer agents to be used in the 
combination treatment. 

Moreover, the specific dosage and dosage schedule of the anti-cancer agent can 
further vary, and the optimal dose, dosing schedule and route of administration will be 
determined based upon the specific anti-cancer agent that is being used. 

Of course, the route of administration of SAHA or any one of the other HDAC 
inhibitors is independent of the route of administration of the anti-cancer agent. A 
currently preferred route of administration for SAHA is oral administration. Thus, in 
accordance with this embodiment, SAHA is administered orally, and the second agent 
(anti-cancer agent) can be administered orally, parenterally, intraperitoneally, 
intravenously, intraarterial^ transdermally, sublingual^, intramuscularly, rectally, 
transbuccally, intranasal*, liposomally, via inhalation, vaginally, intraoccularly, via local 
delivery by catheter or stent, subcutaneously, intraadiposally, intraarticular*, 
intrathecal*, or in a slow release dosage form. 

In addition, the HDAC inhibitor and anti-cancer agent may be administered by the 
same mode of administration, i.e. both agents administered e.g. orally, by IV. However, 
it is also within the scope of the present invention to administer the HDAC inhibitor by 
one mode of administration, e.g. oral, and to administer the anti-cancer agent by another 
mode of administration, e.g. IV or any other ones of the administration modes described 
hereinabove. 

Commonly used anti-cancer agents and daily dosages usually administered include 
but are not restricted to: 

Antimetabolites: 1. Methotrexate 



2. 6-Mercaptopurine: 

3. 6- Thioguanine: 

4. Pentostatin 

5. Fludarabinphosphate: 

6. Cladribine: 



20-40 mg/m 2 i.v. 
4-6 mg/m 2 p.o. 
12000 mg/m 2 high dose 
therapy 
100 mg/m 2 

1-2x80 mg/m 2 p.o. 
4 mg/m 2 i.v. 
25 mg/m 2 i.v. 
0.14mg/kg BW i.v. 
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7. 5-Fluorouracil 

8. Capecitabine: 

9. Cytarabin: 

10. Gemcitabine: 

11. Hydroxyurea: 
Antibiotics: 12. Actinomycin D 

13. Daunorubicin 

14. Doxorubicin 

15. Epirubicin 

16. Idarubicin 

17. Mitoxantron 

18. Bleomycin 

19. Mitomycin C 

20. Irinotecan(CPT-ll) 

21. Topotecan 

Alkylating Agents: 22. Mustargen 

23. Estramustinphosphate 

24. Melphalan 

25. Chlorambucil 

26. Prednimustine 

27. Cyclophosphamide 



28. Ifosfamide 

29. Trofosfamide 

30. Busulfan 

31. Treosulfan 



500-2600 mg/m 2 i.v. 

1250 mg/m 2 p.o. 

200 mg/m 2 i.v. 

3000 mg/m 2 i.v. high dose 

therapy 

800-1250 mg/m 2 i.v. 
800-4000 mg/m 2 p.o. 
0.6 mg/m2 i.v. 
45-6.0 mg/m 2 i.v. 
45-60 mg/m 2 i.v. 
60-80 mg/m 2 i.v. 
10-12 mg/m 2 i.v. 
35-50 mg/m 2 p.o. 
10-12 mg/m 2 i.v. 
10-15 mg/m 2 i.v., i.m., s.c. 
10-20 mg/ 2 i.v. 
350 mg/m 2 i.v. 
1.5 mg/m 2 i.v. 
6 mg/m 2 i.v. 
150-200 mg/m 2 i.v. 
480-550 mg/m 2 p.o. 
8-10 mg/m 2 i.v. 
15 mg/m 2 i.v. 
3-6 mg/m 2 i.v. 
40-100 mg/m 2 p.o. 
750-1200 mg/m 2 i.v. 
50-100 mg/m 2 p.o. 

1500-2000 mg/m 2 i. v. 
25-200 mg/m 2 p.o. 
2-6 mg/m 2 p.o. 
5000-8000 mg/m 2 i.v. 
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750-1500 mg/m 2 p.o. 



Anti-mitotic agents: 



Hormones, Cytokines and 
Vita 



32. Thiotepa 

33. Carmustin (BCNU) 

34. Lomustin (CCNU) 

35. Nimustin (ACNU) 

36. Dacarbazine (OTIC) 

37. Procarbazine 

38. Cisplatin 

39. Carboplatin 

40. Vincristine 

41. Vinblastine 

42. Vindesine 

43. Etoposide(VP16) 

44. Teniposide (VM26) 

45. Paclitaxel (Taxol) 

46. Docetaxel (Taxotere) 



47. Interferon-a 

48. Prednisone 

49. Dexamethasone 

50. G-CSF 

51. al/-trans Retinoic Acid 

52. Interleukin-2 

53. GM-CSF 

54. erythropoietin 



12-16 mg/m 2 i.v. 

100 mg/m 2 i.v. 

100-130 mg/m 2 p.o. 

90-100 mg/m 2 i.v. 

100-375 mg/m 2 i.v. 

100 mg/m 2 p.o. 

20-120 mg/m 2 i.v. 

300-400 mg/m 2 i.v. 

1.5-2 mg/m 2 i.v. 
4-8 mg/m 2 i.v. 
2-3 mg/m 2 i.v. 
100-200 mg/m 2 i.v. 
100 mgp.o. 
20-30 mg/m 2 i.v. 
175-250 mg/m 2 i.v. 
100-1 50 mg/m 2 i.v. 



2-10 x 10 6 IU/m 2 
40-100 mg/m 2 p.o. 
8-24 mgp.o. 
5-20ng/kgBW s.c. 
45 mg/m 2 
18 x 10 6 IU/m 2 
250 mg/m 2 
150IU/kgtiw 



Combinat ion Administration 

The first treatment procedure, administration of an HDAC inhibitor, can take place 
prior to the second treatment procedure, i.e., the anti-cancer agent, after the treatment with 
the anti-cancer agent, at the same time as the treatment with the anti-cancer agent, or a 
combination thereof. For example, a total treatment period can be decided for the HDAC 
inhibitor. The anti-cancer agent can be administered prior to onset of treatment with the 
inhibitor or following treatment with the inhibitor. In addition, anti-cancer treatment can 
be administered during the period of inhibitor administration but does not need to occur 
over the entire inhibitor treatment period. 
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SAHAoranyoneoftheHDAC inhibitors can be administered in accordance with 
any dose and dosing schedule ^.ogefterwiti.fl.e effect of *ear.n<ancer agent, 
achieves a dose effective to treat cancer. 

« rhirmii— """"""itions , . ,, ... 

anU-cancer agent can be formula.* in any dosage form suitabie for oral, partem!, 

^Lca^.ranasal.Hposonral.v^^^ 
10 .dmimslmtionvialoc^e^^ 
in.raar.icular.m.m.heca,^^ 

form ' TT,eHDACinhibi to randureann.caneeragenteanbeformubtedinfl.esame 

fonnu.ationforsimultaneousadmm^ 

15 wWc hmaybeadmims.eredsimm.aneous W 

Theinvcntionalsoencompassespharmaceu.icalcomposiuonscompns.ng 

pharmaceuticauyaccep.ab>esal^ 

Sui^blepharmaceuticaUy accept saiuofme compounds descnbed herem »d »*b,e 

20 rt^.u---^^-^-^^-^^;." 1 ^ 

pi coUnesalt,emano>ammesal.,«^^ 
25 dibenzyleurylenediamin. salt, etc.) etc.; an inorganic acid addition sal. (eg 

acidaddi<ionsal.(e.g.,formate,ace«e^^^ 
^esmfona^ene^ 

aroi „oacid(e.g.,argimne,aspa rt icacid,glu.amicacid,e K .)andmehke. 
30 Theinventionalsoencompassespharmaceuticalcompositionscompnsmghydm.es 
of *eHDACinhibi.orsand/ormeanti^ceragen te . The .erm "hydrate" includes hu. » 
no, limited .o hemihydrate, monohydrate, dihydra.e, Urhydm.e and tire hke. 
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In addition, this invention also encompasses pharmaceutical compositions 
comprising any solid or liquid physical form of S AHA or any of the other HDAC 
inhibitors. For example, The HDAC inhibitors can be in a crystalline form, in amorphous 
form, and have any particle size. The HDAC inhibitor particles maybe micromzed, or 
5 may be agglomerated, particulate granules, powders, oils, oily suspensions or any other 
form of solid or liquid physical form. 

For oral adrninistration, the pharmaceutical compositions can be liquid or solid. 
Suitable solid oral formulations include tablets, capsules, pills, granules, pellets and the 
like. Suitable liquid oral formulations include solutions, suspensions, dispersions, 
1 0 emulsions, oils and the like. 

Any inert excipient that is commonly used as a carrier or diluent may be used in the 
formulations of the present invention, such as for example, a gum, a starch, a sugar, a 
cellulosic material, an acrylate, or mixtures thereof. The compositions may further 
comprise a disintegrating agent and a lubricant, and in addition may comprise one or more 
15 additives selected from abinder, abuffer, aprotease inhibitor, a surfactant, a solubilizing 
agent, a plasticizer, an emulsifier, a stabilizing agent, a viscosity increasing agent, a 
sweetener, a film forming agent, or any combination thereof. Furthermore, the 
compositions of the present invention may be in the form of controlled release or 
immediate release formulations. 
20 The HDAC inhibitors can be adrninistered as active ingredients in admixture with 

suitable pharmaceutical diluents, excipients or carriers (collectively referred to herein as 
"carrier" materials or "pharmaceutically acceptable carriers") suitably selected with 
respect to the intended form of administration. As used herein, "pharmaceutical* 
acceptable carrier" is intended to include any and all solvents, dispersion media, coatings, 
25 antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like, 
compatible with pharmaceutical administration. 

Suitable carriers are described in the most recent edition of Remington's 
Pharmaceutical Sciences, a standard reference text in the field, which is incorporated 
herein by reference. 

30 For liquid formulations, pharmaceutically acceptable carriers may be aqueous or 

non-aqueous solutions, suspensions, emulsions or oils. Examples of non-aqueous solvents 
are propylene glycol, polyethylene glycol, and injectable organic esters such as ethyl 
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oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or 
suspensions, including saline and buffered media. Examples of oils are those of 
petroleum, animal, vegetable, or synthetic origin, for example, peanut oil, soybean oil, 
mineral oil, olive oil, sunflower oil, and fish-liver oil. Solutions or suspensions can also 
5 include the following components: a sterile diluent such as water for injection, sahne 
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic 
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such 
as ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid (EDTA); buffers such as acetates, citrates or phosphates, and agents for the 
0 adjustmentoftonicitysuchassodiumchlorideordextrose. The pH can be adjusted with 
acids or bases, such as hydrochloric acid or sodium hydroxide. 

Liposomes and non-aqueous vehicles such as fixed oils may also be used. The use 
ofsuch media and agents for pharmaceutically active substances is well known in the art. 
Except insofar as any conventional media or agent is incompatible with the active 
15 C ompound,usethereofinthecompositionsiscontemplated. Supplementary active 
compounds can also be incorporated into the compositions. 

Solid carriers/diluents include, but are not limited to, a gum, a starch (e.g., com 
starch, pregelatinized starch), a sugar (e.g., lactose, mannitol, sucrose, dextrose), a 
cellulosic material (e.g., microcrystalline cellulose), an acrylate (e.g., polymethylacrylate), 
20 calcium carbonate, magnesium oxide, talc, or mixtures thereof. 

In addition, the compositions may further comprise binders (e.g., acacia, 
cornstarch, gelatin, carbomer, ethyl cellulose, guar gum, hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose, povidone), disintegrating agents (e.g., cornstarch, potato 
starch alginic acid, silicon dioxide, croscarmellose sodium, crospovidone, guar gum, 
sodium starch glycolate, Primogel), buffers (e.g., tris-HCI, acetate, phosphate) of various 
pH and ionic strength, additives such as albumin or gelatin to prevent absorption to 
surfaces, detergents (e.g., Tween 20, Tween 80, Pluronic F68, bile acid salts), protease 
inhibitors, surfactants (e.g., sodium lauryl sulfate), permeation enhancers, solubihzing 
agents (e.g., glycerol, polyethylene glycerol), a glidant (e.g., colloidal silicon dioxide), 
anti-oxidants (e.g., ascorbic acid, sodium metabisulfite, butylated hydroxyanisole), 
stabilizers (e.g., hydroxypropyl cellulose, hyroxypropylmethyl cellulose), viscosity 
increasing agents (e.g., carbomer, colloidal silicon dioxide, ethyl cellulose, guar gum), 
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. . -MA flow-aids (e.g., colloidal silicon dioxide), (Una (e.g.. a-ethyl 

«. embodiment, the active compounds are prepared wth camera tb* wd, 
p^ecornponndasainstrapide— «^--'—*2T 

k- ,™oatible polymers can be used, such as erhylene vinyl acetate, polyanhydndes, 

Led— ^ly.omAlzaCorporaUonandNovaPharmaceu.tca.s 
v^an^cana.sobeusedasp^aceuUcallyac^.ableearners. 

in U S Patent No. 4,522,81 1 . 

^especially advantageous^^ 
20 foreaseofadminisu^ionanduniformityofdosage. Dosage unit form as used here* 

rependentonmeuniquechamcteristicsofuteactivecompoundandthepart.cular 

SU eh an active compound for the treatment of individuals. 

Thepharmacentical compositions ean be included in a conUuner, pack, or 
disoenser together with instructions for administration. 

processes. The active therapeutic ingredient is often mixed with extents mat are 
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10 



15 



that would cause toxiatynt p t .,. 1essthanthe amount that causes a 

^"TrtSS Inanofcerembodint e n t,*eco n cen« I a« i onof«he«> m pou n d 1 » 
ro ainta.nedataboutlOnM In an wto embodil nent, the 

a.epatienfsplasmaisma.nUmedataboutZSnM. QnM ^ 

• a * ,*™t 100 nM In another embodiment, the concentration oi ui 
inthepauenfsp.asmaismatntauteda.abou, JWD-l 2 oabout30 

aa^^"- Tl ^— ^rutp^,— 

gm/m'/day, jocularly about 20 gm/m y, administtred to to patient in 

C2S==2====S— ----- 

pH range acceptable tor-raxa ^ or 

L«id.^«^ tal * i * ,l>lBd,D,to 
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Tvmcally apHrangefottheintravenousformulattoncanbemtherang 

! , AnreferredpHrangeforin^avcno.sfonnu.aaoncompnsu.ganHDAC 

i f on HHAC inhibitor a hydroxamic acid moiety, can Dedu 

i^gproHferanonofsuchce^n ^aceuticaUy aoceptab,, saH o, hyfate 
" trtn Cted JL~ » - .** of se.ective.y inducins 
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comprise contacting the cells in vivo, i.e., by adirnnistering the compounds to a subject 
harboring neoplastic cells or tumor cells in need of treatment. 

As such, the present invention also provides methods for selectively inducing 
terminal differentiation, cell growth arrest and/or apoptosis of neoplastic cells, thereby 
5 inhibiting proliferation of such cells in a subject by administering to the subject a first 
amount of suberoylanilide hydroxamic acid (SAHA) or a pharmaceutical^ acceptable salt 
or hydrate thereof, in a first treatment procedure, and a second amount of an anti-cancer 
agent in a second treatment procedure, wherein the first and second amounts together 
comprise an amount effective to induce terminal differentiation, cell growth arrest of 
1 0 apoptosis of the cells. 

The invention is illustrated in the examples in the Experimental Details Section 
that follows. This section is set forth to aid in an understanding of the invention but is not 
intended to, and should not be construed to limit in any way the invention as set forth in 
the claims which follow thereafter. 



15 



81 



WO 2005/023179 



PCT/US2004/026161 



I jCgERlMENTAI r rTATT g SF.CTION 

v V AMPLE 1: 
S jrnthesisofSAHA 

* form in US Pateot - — - — " ^ * 

reference in their entirety, or according to my other method. 

Synthesis of SAHA 
Step 1 - Synthesis of SuberaniHc acid 

o ? + ^r__ oU-cchoJ-oh 

HDC-CCH^-COH * W 
ta a 22 L flask was placed 3,500 g (20.09 moles) of suberic acid, and the acid 

hydroxide dissolved in 50 L of water ^ 
offltenre^e^^t^s ^ ^ _ 

15 7 ^teZt^o^eltnrewaa — to sett, The 

*""" Wy Cfltl through a pad of CeUte (4,200 g) (the prCuc, was filter* to 
mlx nue was then filtered *r» g* P ^ rf ^ ^ ^ 

":"oT; "1 L the - of unreacted suberic acid. The 
S,MteMn Iir s i?hluse fire filtration was very stow, taking severe, day,). 
20 mixture was allowed to settle hvdloch i„ric acid; the mixture was 

stirre d for one ho., and th^w ^ ^ ? ^ ^ ^ ^ ^ 
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product was again the vacuum source (the 

^-^vend in a vacuum oven at 65 C usuig «i f r 

• • ♦ *<°r usine about 300 g of product at a time. Each 

7 „ ,J The solid product was combined in a flask and stirred with 6 L 
methanol/water \j..*j t ~ 45 . mg 

the Nash pump and an argon b.eed. The fina. product has a we lg ht of 3,278.4 g (32 



yield). 
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Step 2 -Synthesis of Methyl Suberanilate 

« T « fl n« - fVLL(CH 2 )r-I-OCH3 

/y-N-C--(CH 2 )^C--OH \— -/ 

^ a 50 L flask fitted with a mechanical stirrer, and condenser was placed 3 229 g 

v v. *om the previous step, 20 L of methanol, and 398.7 g of Dowex 
of suberamhc acid from the previous sic F , ^ 
50WX2-400 resin. The fixture was heated to reflux and held a. reflux for 18 hours. The 

. eondenser and mechanical stirrer. To the flas* was added 6 L of — - * 
mixture heated .0 give a solution. Then 2 L of deionizeti water was added, and tire heat 

Z. and tire mixture cooled. The solid product was isolated by Iteahon - « 

vacuum oven using a Nash pump for a total of 64 hours to grve 2,850.2 g (84/. yteld) 
methyl suberanilate, CSL Lot # 98-794-92-3 1. 



20 



/"V-JIJ-CCA^-S-oh 

0_U-tCt Wr 4-O<:H, • NWOH-HO \=/ 

To a 50 L flask with a mechaniea. stirrer, thermocouple, and inlet for inert 
I added 1 451 9 g of hydroxylamine hydrochloride, 19 L of anhydrous 

^ 2 748 gofmemylsuberani, ate, followed by 1.9 L of a 30% sodium 
m ethox.de sohttio ftom ^ reachon flask 
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15 



1 1 tVip nH of the mixture was adjusted to 12.02 by the 

solution <>. mactionmixtur. at .his toe contained a small amount of sohd. ThepHwas 
J en to give a clear solution fro* which the precipitation the product would b e 
Tr^ted) The reaction mixture in flask 2 was di.uted in the same manner; 27 L of 
lid water was .ded, and the pH adjusted h y the addUion of « - - * 30 , 
sodiummed.oxidesolutiontodtemixture.togiveapHof 12.01 (clear soluhon). 

riln mixture m each flask was acidified by the addifion of ^ a*tic 

Z 70 Theproductfromboth flasks w as isolated hy filtration using a Bnchner fimne and 

covered and the product was partially dried on the funnel under vacuum for 15.5 hr The 
orT^ was removed and placed into five glass tray, The trays were placed m a v^uum 
prc.net was dried to — weight. The firs, drying 

were removed from the vaeuum oven and we.ghed. The trays were re 
lithe prodne, dried for an additional 4 hr and ,0 minutes using . « 
vacuum source and with no argon bleod. The materia, was packaged m double null 

20 was 2633.4 g (95.6%). 

Step 4 - Recrystallization of Crude SAHA 

The crude SAHA was recrystalli Z ed from methanoVwater. A 50 L flask wim a 

ZitlT-* handled 0TQ.*. flask W as removed fiom me heating mantle, 
the flask could y Ice / wat er was added to the tub to cool the 

by fi^io, and the filter cake washed with 1.5 L of cold methanol^ 
^ teJe. was covemd. and the product was partiafly dried m der vacuum for 1.75 
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p,aced in a vacuu m oven, and the product was dried for 64.75 hr a, 60°C using a Nash 
pump as .he vacuum source, and using an argon bleed. The trays were removed for 
weighing, and then returned to the oven and dried for an additional 4 hours at 60C,og>ve 
a constant weight The vacuum source for the second drying period was a oil pump and 
n „ argon bleed was used. The material was packaged in double 4-mil. polyethylene .bags, 

and placed in a plastic outer container. The final weight after sampling was 2,540.9 g 

(92.5%;. 

tv AMPLE 2- 
.r«A«> and C -— r«mbin.rtons in T24 Cell Line 

SAHA was used in combination with gemcitabine, leading to an observed 
combinatorial synergistic effect mat is greater man the additive effect that would have 
been obtained by using each of the agents alone. 

Materials and Methods: 

Cells were plated at a density of 1.25 x 10 4 cells/ml in MEM alpha medium with 

10% FCS, and were allowed to adhere to wells. 

GemdtabinewasreconstitotedinMEMalphamedinmandftepHwasadjustedto 

7 using IN NaOH. Concentrations of gemcitabine were prepared by serial dihmon of 
gemcitabine in complete medium. Coneenuntions of SAHA were prepared from 1 mM 
stock solutions. 

Cells were left untreated, treated with SAHA alone, gemcitabme alone, or 
simultaneously with a combination of SAHA and gemcitabine by aspirating wells and 
refilling with the relevant medium at the indicated concentrations. The cells were then 
cultured with medium containing the compound or combination of compounds. 

To assay for proliferation and viability, triplicate samples of cells were harvested 
and counted for proliferation and viability at the indicated time points. To harvest, the 
contents of each well were removed with 0.5 ml trypsin, transferred toalSmltube, and 
cells were cen.rifi.ges and re-suspended in 1 ml medium. Harvested cells were counted on 
ahemocy.ome.erforprolifera.ion. Viability was determined by hypan blue excluston. 
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ReSUl ' S T 24 cells were cultured in complete medium (control), with 2 nM gemcitabine, 
5 with 5 uM SAHA, or with a combination of 2 nM gemcitabine and 5pM SAHA for 96 

^ The results are depicted in Figure 1A (showing cell proliferation), and Figure IB 
(showing cell viability). As shown in Figure 1, treatment of cells with the combination of 
SAHA and gemcitabine inhibits the proliferation of significantly more cells than ether 

10 SAHA or gemcitabine alone. 

The combination of gemcitabine and SAHA produces a significantly better result 
than the additive effects of each constituent when it is administered alone - i.e. a 
synergistic response, providing the added advantage over an additive response. 

15 F/X AMPLE 3 - 

iriw. ofSAHA an - ^„,ni. a h.ne Combinations in a LnCap Cell Line 

Materials an d Methods: 

Cells were plated at a density of 2.5 x 10* cells/ml in RMPI medium wtth 10/. 
20 FCS and were allowed to adhere to wells. 

Gemcitabine was reconstituted in medium and the pH was adjusted to 7 nsmg IN 
NaOH. Concentrations of gemcitabine were prepared by serial dilution of gemcitabine m 
complete medium. Concentrations of SAHA were prepared from 1 mM stock solutions. 
Cells were left untreated, treated with SAHA alone, gemcitabine alone, or 
25 simultaneously with a combination of SAHA and gemcitabine by aspirating wells and 
refillingwith the relevant medium at the indicated concentrations. The cells were men 
cultured with medium containing the compound or combination of compounds. 

To assay for proliferation and viability, triplicate samples of cells were harvested 
and counted for proliferation and viability at the indicated time points as described above 
30 in Example 2. 
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Results: 

LnCap cells were cultured in complete medium (control), with 2 nM gemcitabme, 
5 with 5 uM SAHA, or with a combination of 2 nM gemcitabine and 5uM SAHA for 72 
hours. 

The results are depicted in Figure 2A (showing cell proliferation), and Figure 2B 
(showing cell viability). As shown in Figure 2, treatment of cells with gemcitabine alone 
produced a small effect on the cells, whereas SAHA treatment significantly inhibited 
10 prouferation. Treatment with a combination of SAHA and gemcitabine produced an 
additive effect. 

FX AMPLE 4 — 

™„* ofSAHA and S-azar yHAin* Combinations in a T24 Cell Line 

15 

Muriate and Methods: 

Cells were cultured in T-150 flasks at 37°C in RPMI with 10% FCS. Cells were 
diluted inacomplete medium to a density of 5.0 x 10* cells/ml. The cells were incubated 
at 37°C for 14 hours before treatment with 5-azacytidine to allow cells to adhere to the 
20 wells. 

Concentrations of 5-azacytidine were prepared by serial dilution of froma 1 mM 
stock. After 14-hour incubation in complete medium, wells were aspirated and the 
medium was replaced to 1 ml of 5-azacytidine at the indicated concentration. The cells 
were pre-incubated for 27.5 hours in 5-azacytidine before addition of SAHA. 
25 Concentrations of SAHA were prepared from 1 mM stock solutions. 

After pre-incubation in medium alone (control) or with 5-azacytidine, wells were 
aspirated and well contents were replaced by 1 ml of medium alone (control), medium 
containing 5-azacytidine alone, medium containing SAHA alone, or medium containing a 
combination of 5-azacytidine and SAHA. 
30 To assay for proliferation and viability, triplicate samples of cells were harvested 

and counted for proliferation and viability at the indicated time points as described above 
in Example 2. 
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RCSUl T24 cells were cultured in complete medium (control), with 200 nM 5-azacytidine, 
with 5 uM SAHA, or with a combination of 200 nM 5-azacytidine and 5uM SAHA 
according to the method described above. 

The results are depicted in Figure 3 A (showing cell proliferation), and Figure 3B 
(showing cell viability). As shown in Figure 3, treatment of cells with 5-azacytidine alone 
or SAHA alone significantly inhibited proliferation. Treatment with a combination of 
SAHA and 5-azacytidine produced an additive effect achieving essentially a complete 
inhibition of proliferation relative to the initial cell count. 

FX AMPLE 5 - 

Kffect of SAHA in Combina tion with Etoooside, Doxorubicin, 5- 
mnnronracil. M^™ntr one, and O xalinlatin in Brea st, Glioblastoma and Prostate 
Cancer Cell Lines 

Stiidv Objective : 

The purpose of these studies was to determine if SAHA in combination with the 
therapeutic agents listed in Table 1 would more effectively inhibit cell growth and colony 
formation that either drug alone. All combination agents are commercially available and 
were purchased through Sigma. For these studies, 5 different cell lines representing three , 
common cancer types were tested (Table 2). Anti-proliferative effects were observed with 
several agents in both assays, in general additive effects were observed. 

Table 1 . Drugs Used in Combination with SAHA. 



Etoposide (Eto) 



Doxorubicin (Pox) 



5-Fluorouracil (5-FU) 



Mitoxantrone (Mitox) 



Oxaliplatin (Oxal) 



Table 2. Cell Li nes Used for SAHA Combin ation Studies 
Cell Lines 



MDA-231 breast 



U-118 glioblastoma 
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DU-145 prostate 



PC-3 prostate 



InCa p prostate 



referred to as the Cell Titer 96 Aqueous One Solution Cell Proliferation Assay. The MTS 
reagent contains a novel tetrazolium compound p W -dime4hyl«hiazol-2-yl>5-(3- 
carboxymeftoxypheny^sulfopheny Wtrazolium, inner salt] and e^tron- 
coupling reagent (phenazine emosulfa,e;PES). Assays were performed by addmgasmall 
amount oftheMTS reagent direetly to culmre wells, incubating for 1-4 hours and then 

productasmeasuredbymeamoun^OrMabso^^^ 

hours and men washed free of S AHA before the combination agent was added for the 
remainderofthe 48-hour incubation. In the other method, the cells were treated wtth 
S AHA for 48 hours prior to adding the second agent for 4 hours. The cells were then 
washed and allowed to grow for 48 hours. 

r nlniw Font "''"" Assay: . . 

The colony formation assay was performed as follows. Cells were by plating » 
0 6 emdishesa,200-300cel.s/dishandallowed«>adberefor24hour S . Cells were trea^d 
with SAHA for 48 hours and men the combination drug was added for an add.tional 
hours. The cells were men washed and colomes were allowed to grow for 2-3 week and 

i„ each dish were counted. Duplicate dishes were counted per treatment group and the 
15 range in colony number/dish is shown as error bars. 



Results: „ 

A uiuj_arzJIi ■ coabiagti Mr>A - M1 CH1 P" life rat ">" - <P«- 4) 

In „„ e experiment,MDA-231 breast cancer cells were preheated with the indrcated 
concentration of SAHA for 4 hours, washed, and then the second agent was added for 48 
Cell growth was quantitated using the MTS assay. The results are depicted m 



30 



hours. 
Figure 4A. 
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,„ another experiment, Cells were pretrentenwith.be indicated concentration of 
SAHA for 48 hours, the second agent was added for 4 hours, and then the cells were 
washed. Ce.l g row t hwa Sq uantita,ed48hou r s.a,erusin gfl ,eMTSassay. The results are 

agent alone. The effect appears to be additive. 

second agent was added for4hours, and then the cells were washed. Cell grow* was 
quantitated 48 hours later using the MTS assay. 

As shown in Figure S, combination treatment with SAHA and the therapeut.c 
15 agents Etoposide, Doxorubicin, 5-^^ 
ilatedcon^entrauonsprodn^ 
with each agent alone. The effect appears to be additive. 

20 c rr------ »'"^ ™™ n4S ™^^ . 

' Cellswere«a,edwithSAHAfor48hours,meseco»dagentwasu,enaddedfor4 

Hours and then the cells were washed. Colony formation was evaluated 2-3 weeks later. 
AssbowninFigurefi.combmationtre^entwimSAHAanduteuterap^c 

25 Iberofcoloniestoagreaterextenturantreatmentwitheachagentalone. Theeffec, 
appears to be additive. 

D a^fSAHAXcn.hin SbM* nnMTIA 7,1 Cell Clonogenieity (Figure 7) 

Cellswere tt eatedwid,SAHAfor48hours,thesec<>ndagentwas*enaddedfor4 

30 hoursandthenthecellswerewashed. Colony formation was evaluated 2-3 weeks later. 

As shown in Figure 7, combination treatment with SAHA and the therapeuttc 
agents Etoposide, Doxombicin, 5-Fluo^ ^ 
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agent alone. The effect appears to be additive. 



~~^Z^^HA for 48 hours, the second agent was then added for 4 
hours and then.he cells were washed. Colony formation was evaluated 2-3 weeks later. 

As shown in Figure 8, combination treatment with S AHA and the therapeutic 
a g entsEtoposide,Doxo™bicin,5-F>™^^ 

agent alone. The effect appears to be additive. 

F.y AMPLE 6 — 

rffrrt -,c^A ^r^a ^^^Hrh^othernneiitic ^ents Irinotecan, 
^-irii.nrouracF i Docetaxel 

g mrfv Object -™ ™* Summary: 

20 ly mphoma(DLCL)andco.oncarcinoid(LCC8) cel. lines in when —ered tn 
pTrLcr.mbmationwimthreecn^^ 
Fluorouraci(5-FU)landDocetaxel. 

Transformed cells were treated with various combinations of S AHA and one of 
ft eseagen«sinorder.oassessifeachpair(SAHAplusagent)isable.oadd...ve.y, 

oLLsAHAmcombinationwithMno^^^ 

additive, msomeexperimen^asynergisticeffec.wasobserved. The most pronounce 
described hereinbelow. 

30 

TriTmt <,/,gn , S-Fluor o ^racil andDocetaxe l 

^ ofthes e three agents is currently used clinically in cancer chemotherapy and 

have all been extensively characterized. 
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10 



15 



too.eca,, works to stabilize nu^topoisomeraseVDNA complexes, wtaoh 
ofdeoxyuridyUcacidtofcyn^^^^ 

^I^ivy asaehem^a^ove.U.e.astdeeadesandhas also bee, 

(Awada A. et al. (2002) Eur J. Cancer 38, 773-778). 

Docetaxel is used clinically as an antineoplastic agent that disrupts the 

nucrotubules (Chou T. et al. (1991) Synergism and Antagonism in Chemotherapy. New 
York: Academic Press). 



20 



25 



Mat^.c and Methods: 

^^"uon experiments were performed on five human cancur cell toes. 

JhomaJandlXClStcoloncarcinoidVEachceUUnewasculturedandmcu^a. 

^Cinitsre< 1 uueume^um..MEMa(10%FCS),RPN«.640 ( 10%FCS),DMEHG 

(1OT4 FCS),enhance4RPMI(10%FCS),andHi.esmeuium(5%FCS), 

A dIerentce,.lme S (T24,LnCap,MCF7andIXC18)wereplate4o.96we,,pMes 

^oursbeforetmatmentwithSAHA and anticancer a g en te , to a,.ow time for dte eells to 
Lch,othewe,,bo«oms.DLCL,asuspensionce,..ine,wasp.atedon96weUp.a,eso„ 

tes amedayofmeexperunen, F ormL n Cap,DlXLan d LCC18,200pL— g 
2 000 cells wereplatedintoeach well. For MCF7, 4000 cefisMeU were plaUdU,^ 
for the line's slower cell cycle. Cells were plated onto two 96 well plates for each SAHA 
30 and anticancer agent combination experiment. 

AllSAHAandcombinationdrugtteannen^werepreparedusmg^l-unespec.fic 

me dia on the same day of treatment. Cells that received no treatment served asacontro. 



group. 

93 



PCT7US2004/026161 

WO 2005/023179 

^dandreplacedwith 200 ^Lofmedia contain desired coooen^on of 
Wel1 ' • v * a *t -*7°C for 4 days. On the fourth day, each 

Corporation, Sunnyvale, CA). Data was P pR0<|) v> 4 . 0 

- t n „ nf time of incubation and analyzed using SOFTmax PKU<s> v. 

(Mean Intensity Units/Well in Control Group) 

using the following formula: 

100 -(SjOrro^^ 

(Std. Errorlntensity Units/Well in Control Group) 

proliferate for eaeh drag was ^ ^ 
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tr a Honofeachdmgrequiredtoinhibitproliferationof50%ofthecells. 

5 * tUant u P o/ B inhibition of cells treated with 

SAHA alone or anticancer agent alone, but less in ^ 

alone + % inhibition with agent alone). 

15 SAHA alone or agent alone was greater than the expected 
with drug combination. 



Results: 

A. 



20 



25 



s: 

■ , ■^ofthereouiredeoneentrationoftheagentstouJnb.tSO/.ofceU 
results in a lowering ^^^^^ increase in SAHA concentration resulted in a 

example, 5.1 nMo sadministered b comb i„atio n withlhnorecan, 

30 continues to decrease (1 .9 nM). 
Treatment 
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rrXTTT TSAHA ("SAHA TSAHA - " 

^AHA IS AHA I bAriA 




Docetaxel 

l (nM) 1 r 1 r^jrb^I^SAHA alone: 5.0 

* All concentraUons of S AHA are in ^vi. 

lent 




DUXandLCClS. Inter to{ ^ type of ir.teract.or. 

THeresu.tsaredepK.ed.nt^so ^ fthetestedcombinatioB 
(additive, synergistic and antagomsuc) out of the total ( 
treatments. 
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\ ■ — 

Ms g^oftheoombinationtreatmentsresultedinadditivc 

interactions. No synergy was reported. 14/. dlow eventrations of 

— • — — rlt-nM). 

l nL nCapprostateeelUmes,25/.ot tateractio ns, which mostly 

synergist. 5^ 

oeenrredatnuddieandhighconcentrahonsofSA^an 

,ciHA0 5-2uM;lrinotecan: 2.6-10nM). 
„fIrinotecan(SAHA. 0.5 pM, tjlCL resulted in additive interaction and 

werenotspecif.c.oanycnneentrat.onrangeofSAHA.bu. 



B. 



20 



additive interachons. SAHA ana 3 r 

LnCap andLCClS. t of type of interaction 

treatments. 

T«Mp fc int e - 0 "* 1 "" ""servea in ^ 

SAHAandl^U 
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10 



synergistic effect. 60/. Most synergy 

occnrrcdatnriddleandhighconcentrat.onsofSAHAa.oz. p 

— SSSHS £ — effect. ^-C, 
^ wereploned for the other ceU,ines(not shown). 



15 c SAHA ™* Docetaxel 

SAHA and Docetaxel combination exi 
andLCCl8 cells. 



L periments were perfonned on T24, LnCap 



ltagO nistic)outofthetotal(100o/o)ofthetestedcomb 1 nat 1 on 



(additive, synergistic and ant 
20 treatments. 



Tahle 7: In teraction 
c ah A and nocetaxel 



^wrved in different cell 



aft^r combination *™*™ ent with 



[Type of Cell 
IT24" 
[LCC18 
[LnCap 



Additive (%) 
80~~ 



I Synergistic (%) 



Antagonistic (%) 



15 



20 
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In T24 bladder cancer cells, 80% of the combination treatments resulted in addrtrve 
interactions and 5% of the interactions were synergistic. 

The greatest synergistic effect occurred in the SAHA/Docetaxel combination 
experiments in UrCap cells (56%). This synergy primarily occurred at low and mtddle- 
range concentration of SAHA (0.25-1 uM). Thirty eight percent of the treatments 
resulted in additive interaction at mostly high SAHA concentrations (2.0 pM). 

Additive interactions and synergy resulted in 72% and 8% of combination 
treatments in LCC18 cells, respectively. 

A representative graph showing the individual responses is depicted m Figure 1 1 
(LnCap). Similar graphs were plotted for the other ceU lines (not shown). 

in summary, the results show that in general SAHA interacts mostly addmvely 
with Irinotecan, 5-FU and Docotaxel. However, importantly, SAHA interacts mostiy 
synergistically with Docetaxel inLnCap cells. Other synergistic effects were seenm 
several of the concentrations tested, in particular in LnCap cell lines. 



15 



rniMn.USIONS: 

The results of all the combination studies described hereinabove mdicate that 
combination treatment with SAHA and other anti-cancer agents may be useful for cancer 
therapy, since the dosage of each agent in a combination therapy can be reduced as 
20 compared wim monotherapy with the agent, while still achieving an overall anti-tumor 
effect. The combination treatment is particularly useful when a synergistic effect 
between the two agents is observed, as depicted hereinabove. 

While this invention has been particularly shown and described with references to 

changes in form and detailsmay be made therein without departing from themeamngof 
the invention described. Rather, the scope of the invention is defined by the claims mat 



follow: 
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